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A technique is disclosed for use in conjunction with an ISDN communications system for permitting a host computer, that 
is executing a host session with a user and is connected through the system, to dynamically change an ISDN access path, that 
connects the user to the host computer and carries the host session therebetween, between a packet switched connection and a cir- 
cuit switched connection during the occurrence of the session in order to provide the particular connection that is most suited to 
the communication requirements of a task currently being executed during the session by the host computer. Any such dynamic 
change of the ISDN access path is invoked by the host computer, does not disrupt the host session and is substantially transpar- 
ent to the user. 
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RXCTCPOUVP OF THE T>fVraTTON 
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1. rield of the Invention 

The invention relates to ft technique for use in an 
ISDN communications system that provides an ISDN tocut path 

10 for connecting a host computer to a user terminal. In 
particular, this technique permits tha host ooaputar to 
dynamically changa tha ISDN accaas path between a packet 
avitchad connection and a circuit switched* connection during 
an ongoing host aeaaion with the user in order to provide a 

15 particular ISDN connection that is moat suited to the 

communication requirements of e current task being executed 
by the hoat computer during the session. 

2. Description of the Prior Art 

20 

The Integrated Services Digital Network (■ISDN") 
is currently eeen aa a framework for providing new efficient 
voice and data telephonic services in the neax future* As 
such, ISDN switches are being now being manufactured by 
25 various vendors and integrated into the telephone network by 
local telephone operating companies. 

Within the ISDN, an ISDN acoesa line connects each 
caller and an ISDN switch located at a central office. In 

30 one configuration, i.e basic access, an ISDN access path 
consists of two ISDN "B" digital channels and one ISDN "D" 
digital channel. Sach "B* channel has a oapecity of 64 
knits/ second t while, the a D a channel has a capacity of 16 
kbits/second. The *D" channel can only carry packets; while 

35 each of the "B" channels can carry either packets or 
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continuous (circuit switched) signals. To initiate an ISDN 
call, a caller's terminal equipment placas signalling 
information contained within a packet onto ths "D" channel 
in ordsr to, intsr alia, specify to ths ISDN switch what 
5 specific connection should be provided from the switch to 
the caller and what specific channel should be used to 
provide this connection, specifically whether a packet 
switched M D" channel connection, or if a "B* channel is to 
bs used, which specific M B H channel should be used and 
10 whether a packet or circuit switched connection is to be 
established on that channel. 

With this arrangement, an ISDN switch can provide 
either a circuit switched connection or a packet switched 

15 connection to a caller. A circuit switched connection, 
which can only occur on the "B* channel, provides a 
multiplexed communication path, in e.g. space and/or time 
division multiplexed fashion, between the calling and called 
parties that lasts throughout the entire duration of the 

20 call. As such, only one call is able to use any given 

switched connection through the network at any one time. In 
contrast, a packet switched connection merely relies on 
queuing packets of data at an ISDN switch for transmission 
between a caller, frequently a user, and a called party, 

25 typically a host computer, and then sequentially 

transmitting those packets, from point to point within the 
packet network that forms part of the ISDN as transmission 
capacity becomes available therebetween. Inasmuch as each 
user of a packet . switched connection merely requires a 

30 separate address in a memory of a local switch, e.g. a 

memory location, to which packets can be transmitted and 
from which packets can be received and hence consumes 
relatively few network resources throughout the duration of 
the call, many different packet switched calls can share all 
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the remaining network facilities, including identical 
coaaunication paths. 

Due to the substantial differences between the two 
5 different types of ISDN connections, circuit switched and 
packet switched connections each provides different 
advantages and drawbacks. First, a circuit switched 
connection provides a continuous transmission path from the 
caller to the called party throughout the duration of a 

10 call* Such a connection imparts relatively little, if any, 
transmission delay to any communication carried over the 
path. Therefore, circuit switched connections are used in 
those communication applications, such as Illustratively 
conversational voice traffic or highly interactive data 

15 traffic, where any appreciable transmission delay can not be 
tolerated. Second, circuit switched connections provide 
higher throughput than do many packet switched networks, 
such as specifically X.25 type packet switched networks. As 
such, communications applications that require a high 

20 throughput and low delay transmission path, such as 

illustratively real-time transfer of large files or transfer 
of high density digitised images, are ideal for transport 
over circuit switched connections. Unfortunately, since 
only one call, at least from the standpoint of a local 

25 switch and apart from any user multiplexing, can be carried 
over a given circuit switched connection' through the network 
from a caller to a called party, use of a circuit switched 
connection tends to be quite expensive particularly if the 
connection Is to be maintained over a prolonged period of 

30 time. 

Other communication applications, which are 
typified by relatively long latency periods between 
successive transmissions from one party to the other, are 
35 bursty in nature and essentially unaffected by appreciable 
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transmission delay. Bursty communications are ideal for 
carriage over a packet network. Communications of this sort 
illustrativaly include transport of uitr commands from a 
user's terminal to a host computer to initiata axacution of 
a program that raquiras a ralativaly long procassing tima 
and ralativaly littla usar entry of information tharaaftar. 
Often, vhanavar a usar undertakes lina oriantad interactive 
operations with a host computer, the user expects to 
encounter some delay after he or she enters each line of 
information, typically a command followed by a line 
delimiter which ia frequently a carriage return, and before 
control is returned to the user. During the delay interval, 
the host computer processes the entered line. 
Unfortunately, whan a packet switched network, specifically 
15 an X.25 network, carriea a host seasion, the network often 
injects a noticeable amount of transport delay into the 
sesaion in addition to the delay inherent in the processing 
time required by a host application. The time required by 
the host computer to process each character in the line of 
information is often aubstantially shorter than the 
transport delay of the packet network. Now, if the host 
computer was required to echo each character that the user 
enters back to the terminal for local display, then the 
transport delay inherent in the packet network would force 
25 the user to wait until some time after each character was 
entered in order to see the information which that line 
contained. The delay perceived by the user and associated 
with host based echoing is frequently referred to as 
"echoplex. ■ Inasmuch as network delay, which is the 
30 predominant cause of echoplex, prevents the user from 

obtaining immediate feedback of the contents of the current 
line and expeditiously correcting any mistake thereon, many 
users find echoplex to be highly unsatisfactory and quite 
annoying. In an effort to eliminate echoplex that may be 
35 experienced with a packet switched network, the art teaches 



20 
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that a local packat assembly/disassembly ("PAD") Junction 
should be incorporated into a user terminal. In this 
regard, aae -Packet Assembly/Disassembly Pacility (PAD) in a 
Public Data Network", CCITT RecomaandatM nn y |1( i 98 4, C CITT 
5 document AP VIII-57-E, pages 22-44. In particular, tha PAD 
function echoes locally antarad charactara for display and 
aaaamblas an outgoing packet of antarad charactara up to a 
pre-defined maximum charactar limit and than transmits tha 
packat upon racaipt of a suitabla delimiter, typically a 
10 carriaga raturn from tha uaar, ovar tha natwork. In 

addition, tha PAD function alao dis-aaeembles aach incoming 
packat auppliad through tha natwork from tha host computar 
and locally displays tha charactara contaihad in that packet 
on tha terminal . By providing local echoing, the PAD 
15 function advantageously eliminatea echoplex and, from a 
user's standpoint, appears to shift all the delay, i.e. 
network transport and host processing, to the end of each 
entered line, i.e. after that line was displayed to a user, 
where that delay ia far less objectionable to the user. 
20 Hence, because of the essentially delay-insensitive nature 
of bursty communications, this type of communication, 
particularly involving a user terminal that provides the PAD 
function, can be transported far more economically through a 
packet switched connection than through a circuit switched 
25 connection. 



Thus, by virtue of the potential sharing inherent 
In packet switched connections and the dedication of a 
switched path in a circuit switched connection, packet 
switched connections provide a highly economical though 
delay prone point-to-point transport media; while, by 
contrast, circuit switched connections provide a relatively 
expensive but nearly instantaneous transport madia with a 
relatively high throughput. 
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From time to time, the user may step away from a 
terminal or turn to an entirely dif ferent matter resulting 
in a temporary cassation of hoat activity with tha user. 
Such a cassation, depending upon what tha usar is doing, may 
5 last savaral hours. During such a cassation, tha host 
sassion itself still remains activa, although tha host 
computar is only instructing tha tarminal to display a 
cursor to prompt tha usar for subsequent input. This 
function is typically handlad by a low laval communications 
10 procass that axacutaa in tha host computar or in a front and 
communications procaaaor aasociatad tharawith. If tha usar 
tarminal is configured to provida local procaasing, such as 
that which could occur with illustrativaly *a personal 
computar or workstation, than aimilar host inactivity could 
15 occur onca tha wor)cstation racaivaa a raquastad f ila from 
tha host computar and procaads to procass tha fila locally 
as instructed by tha usar. Though, in thia instance, tha 
host sassion is typically maintained in an activa state 
while local processing occurs, communication with tha host 
20 computar, other than a minimal amount necessary to keep the 
host session active, generally only occurs whenever 
information is to be transferred to or from the host 
computer to the workstation. Here too, depending upon the 
amount of processing that is to be locally accomplished, the 
25 host computer may effectively see a cassation of activity 
from the user over a period of time that may last several 
hours. 



The recognition that data communications can 
30 contain both highly interactive delay-aensitive 

transmissions which are beat transmitted over a circuit 
switched connection and bursty transmissions which are best 
transmitted over a packet network is seen in illustratively 
United States patent 4,539,676 (issued to J. A. Lucas on 
35 September 3, 1985 and hereinafter referred to as the '676 
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patent). Specifically, the '676 patent discloses an 
integrated voica/data, though non-ISDN, switch that contains 
a separata circuit switch and a separata packet switch. 
Each user terminal provides incoaing information to the 
5 voice/data switch in the form of a pair of eight bit bytes. 
Each pair of bytes contains a control byte that has a 
routing bit and a data byte. The terminal sets the routing 
bit to an corresponding value that specifies whether the 
accompanying data byte is to be routed within the voice/data 

10 switch to either the circuit switch or to the packet switch 
for transmission to a called destination through a 
respective circuit switched network or packet switched 
network. As such, successive data bytes can be routed via 
either a circuit switched or a packet switched connection 

15 based upon the value of the corresponding routing bits. To 
provide this routing with minimal delay, the voice/data 
switch and the networks are disadvantageously required to 
maintain both the circuit switched connection and the packet 
switched connection in an active state throughout the entire 

20 duration of the call. Consequently, the methodology taught 
by the '676 patent tends to be quite inefficient for the 
telephone network and expensive for a user. 

Now, if an ISDN access path is used to connect a 
25 host to a user, then, as is taught in the art, the 

particular connection (circuit switched or packet switched) 
that is established at the inception of the ISDN call to 
provide this path is that which occurs throughout the 
remainder of the ISDN call, i.e. the host session. See, for 
30 example, United States patents 4,731,782 (issued to T. 

Shimiru et al on March 15, 1988) and 4,569,041 (issued to T. 
Takeuchi et al on February 4, 1986). Although this approach 
in the art has several drawbacks, as discussed below, 
particularly when communication needs change during a host 
35 session, a user is much more apt to readily accept these 
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drawbacks rather than to submit to the burdens associated 
with changing an ISDN connection during the host session. 

In particular, certain applications where local 
5 processing can not be used, such use of host based keystroke 
interactive screen editors, rely on the host to echo each 
character that the user enters into a terminal, through a 
point-to-point communication circuit that is assumed to have 
low delay, back to the terminal for appropriate local 

10 display. Unfortunately, the echoplex that results when host 
based echoing is carried over a packet switched network 
frequently frustrates and annoys users. Consequently, if a 
user has initiated a host session through a packet switched 
connection and enters what he or she believes to be a period 

15 of heavy keystroke interactivity with the host and which 

typically requires stringent maximum delay requirements and 
host application disabling of any PAD functionality at the 
terminal, then, to circumvent the frustration associated 
with echoplex that would otherwise occur during this period, 

20 the user may be constrained to follow one of two alternative 
procedures* First, the user could tear down the current 
host session and initiate a subsequent host session over a 
circuit switched connection to undertake this interactivity. 
Tearing down and then re-initiating a host session typically 

25 requires terminating various host processes then executing, 
saving files, logging off the host, dis -connecting the 
packet switched ISDN link, . re-establishing an new ISDN link 
on a circuit switched channel, re-executing a "login" 
procedure including what is often a lengthy security check 

30 procedure, accessing the file that has just been saved, and 
re-starting the host processes that were previously 
terminated. As one can readily appreciate, this procedure 
involved with establishing a new host session is both time 
consuming and bothersome. Second and alternatively, if the 

35 host operating system permits multiple host sessions, as is 
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th. case with illustratively the "UNIX" operating system, 
the user could allocate the currant hoat saaaion astablishad 
through a packet awitchad connection to ona window, and open 
a second window containing a aacond host aaaaion astablishad 
through a circuit switched connection. With this 
arrangement, the user could switch between the sessions to 
utilise a circuit switched connection for those highly 
interactive delay-sensitive host taa)cs that disable the PAD 
in the local terminal and a packet switched connection for 
other host taa)cs. Unfortunately, with thia alternative 
procedure, the uaar is atill required to build a second 
session and re-execute a lengthy "login- procedure which is 
both bothersome and time consuming to the user. Therefore, 
to avoid following either of these procedures, a user 
generally establishes a circuit switched 1SDH connection to 
the host computer prior to the inception of a host session 
rather than a packet switched connection and then retains 
that circuit awitchad connaction throughout the entire host 
session regardless of the specific host application (s) that 
is executed during that session. 

Unfortunately, the presence of bursty 
communications in a typical host aession poses several 
drawbacks to both the user community and the local telephone 
companies if a user is permitted to establish a circuit 
switched ISDN connection to a host computer and then retain 
that connection throughout a lengthy host session. For a 
u««r, circuit switched connections are far mora expensive 
than packet switched connections. Therefore, during any 
period of relative inactivity particularly during a 
prolonged interval of time, a user is paying a significant 
premium for using a circuit switched connection when, in 
fact, little, if any, communication is being transferred 
thereover. In addition, the switches installed in the 
central offices of the local telephone companies frequently 
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do not have sufficient capacity to handle a significant 
number of simultaneously occurring circuit switched 
connections aach having a long holding time, such as several 
hours. :in particular , local talaphona switches ara 
5 generally designed to provide a capacity of 3*4 CCS (one 

hundred call seconds) per access line, i.e. a local switch 
designed to hardle 30,000 different access lines with a 
capacity of 3 CCS can simultaneously accomodate a call 
lasting 5 minutes on each different line. Hence, the 

10 occurrence of a substantial number of simultaneously 

occurring circuit switched ISDN calls with relatively long 
holding times can severely strain the capacity of a local 
switch. Unfortunately, local telephone companies are simply 
unable to add sufficient circuit switched capacity to handle 

15 these calls while still providing circuit switched 
connections in a relatively cost-effective Banner. 

Therefore, a need exists in the art for a 
technique for use in conjunction with an ISDN switch for 

20 dynamically changing an ISDN access path, that connects a 
user to the switch and therethrough to a host computer, 
between a circuit switched connection and a packet switched 
connection during a host session according to the 
communication demands of the host computer that occur during 

25 the session. By changing, the access path in this fashion, a 
user would be able to much more efficiently and economically 
utilise the ISDN than has been possible in the art. 
Furthermore, to advantageously eliminate any burden on the 
user, any such dynamic Changs should be made' in a manner 

30 that is invoked by the host computer, doss not disrupt the 
host session and is substantially, if not totally, 
transparent to the user. Moreover, by dynamically .matching 
the ISDN access path to the bandwidth requirements of the 
current task being executed on the host, the efficiency of 

35 the ISDN advantageously increases as does the ability of the 
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loeal telephone coapany to provide ISOM services sufficient 
to Beet thm expected duand of all it« users. 

SUMMARY OP THE TMVTWPTftff 

5 

These and other siailar deficiencies associated 
with ISDN coaaunication systaas known in the art ar« 
advantageously eliainated in accordance with the present 
invention by: dynaaically changing the ISDN access path that 
is established through an ISDN coaaunication systea, e.g. an 
ISDN switch, between a user terainal and a host coaputer 
froa a first connection, such as a B channel circuit 
switched connection, to a second connection, such as a D 
channel packet switched connection or vice versa during an 
ongoing host session carried over that access path in order 
to provide the particular connection, either B channel 
circuit switched or D channel packet switched, that is aost 
suited to the current coaaunication needs of the session. 
As such, the ISDN connection provided over the acoess path, 
rather than being static as is taught in the art, 
dynaaically changes in response to commands (suitable 
control aessages) that are issued by the host coaputer 
thereby effectively Batching an available coaaunication 
channel to the current host task being executed during the 
25 session. This dynamic Batching of network resources to host 
requirements advantageously ainiaizes wasted tranaaission 
bandwidth and conserves network resources. 



15 



20 



30 



35 



In particular, the apparatus that embodies our 
inventive technique has means, for connection to one end of 
the access path and to a host coaputer, for instructing a 
coaaunication systea, e.g. the ISDN network, that provides 
the access path to change a connection provided over that 
path between a B channel connection and a D channel 
connection in response to a coaaand received froa the host 
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computer during execution of the host session, vherein the 
instructing means has means for establishing an interface to 
the host computer to begin the host session and for 
maintaining the interface substantially throughout the 
5 remainder of the host session and means , responsive to the 
interface and for connection to the one and of the access 
path, for receiving a command over the interface from the 
host computer requesting a change in the connection provided 
over the access path betveen 0 and B channel connections and 
10 for supplying the command over the access path in a 

pre-defined form as an instruction to the communication 
system to effectuate the requested change. 

In accordance with a spscifio embodiment of the 
15 invention, a communications processor called a "broker" is 
connected betveen the host computer and the ISDN network. 
The broker passes communication betveen the host computer 
and the ISDN network and, in response to the commands 
generated by the host computer to change the ISDN 
20 connection, issues corresponding instructions, to the 

network in order to effectuate each such change* These host 
commands, such as "Transition to D Channel" and "Transition 
to B Channel" are determined by the communication 
requirements of the current task, i.e. host application 
25 program, executing during the session. 



A user terminal, which is connected to an end of 
the ISDN access path that is opposite to that connected to 
the broker, bi-directionally communicates vith the host over 

30 the access path. To establish a host session, a user 

situated at the user terminal enters an appropriate message 
Identifying the host computer into the user terminal. The 
user terminal then provides a control message to the ISDN 
netvork that instructs the netvork to establish a' D channel 

35 ISDN connection to the terminal and extend this connection 
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to the broker. After the network is able to successfully 
extend the ISDN 0 channel connection to the broker, the 
broker establish** a connection, such as over a local area 
network (IAN) , to the desired host computer and thereafter 
provides appropriate protocol conversion, such as X.25 to 
Ethernet protocols, to enable the user to coaaunicate 
through the ISDN network to the host computer. At this 
point, the user terminal, the broker and the host computer 
all jointly reside in a D Channel steady state condition. 
The user then receives a -login- sequence from the host 
which, if a successful login occurs, permits the user to 
subsequently execute host application programs. The D 
channel state continues throughout the duration of the host 
session. In the event the user executes a host application 
that has stringent delay requirements and, as such, can 
generate objectionable echoplex if carried over a D channel 
packet connection, the host computer generates a command to 
the broker to initiate a transition of the ISDN 
communication channel from D to B. The broker, in response 
to such a command, generates an appropriate instruction, 
such as a corresponding Q.931 control message, to the 
network. The network then establishes a B channel circuit 
switched connection to the broker and also extends this 
connection to the user terminal. If this connection is 
successfully established by the network between the user 
terminal and the broker, the user terminal, the broker and 
the host computer all jointly reside in a B Channel Steady 
State condition. As such, while in this state, data is 
subsequently carried over the B channel connection. 
Although the D channel connection remains active, it only 
carries ISDN control messages, i.e. in the X.25 and Q.931 
protocols while the B channel connection ia in use. Once 
the need for a circuit switched ISDN connection disappears, 
such as for example by the user instructing the host to 
execute a different application program, the host computer 



generates an appropriate command to the broker to initiate a 
transition bac)c to the active D channel connection and tear 
down the B channel connection* From this point, data 
communication is carried as X.25 packet traffic over the 
ISDN access path between the user terminal and host 
computer. A subsequent B channel connection will be 
successively established with the user terminal with data 
communication being carried thereover and then torn down 
with data communication being shifted to the D channel as 
communication needs of the host computer dynamically change 
during the host session. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The teachings of the present invention may be 
readily understood by considering the following detailed 
description in conjunction with the accompanying drawings, 
in which: 

FIG. 1 depicts a block diagram of a specific 
embodiment of our inventive system for dynamically changing 
an ISDN access path, that connects a user to an ISDN switch 
and therethrough to a host computer, between a circuit 
switched connection and a packet switched connection during 
a host session according to the communication demands of the 
host computer that occur during the session; 

FIG. 2 shows the proper alignment of the drawing 
sheets for FIGs. 2A and 2B; 

FIGs. 2A and 2B collectively depict a state 
diagram of the software that is implemented within User PC 
10 that forms part of system 5 shown in FIG. 1 and used in 
conjunction with dynamically managing a single ISDN access 
path appearing therein; 
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FIG. 3 shows the proper alignment of the drawing 
sheets for FIGs. 3A and 3B; 

5 FIGs. 3A and 3B collectively depict a state 

diagram of the software that is implemented within Broker PC 
50 that fonts part of system 5 shown in FIG. 1 and used in 
conjunction with dynamically managing a singls ISDN access 
path appearing therein; 

10 

FIG. 4 depicts a communication sequence that 
occurs among the major elements of system 5, specifically 
the User PC, the ISDN switch, the Broker PC and a host 
computer, for establishing a host session between the host 
15 computer and the User PC; 



FIG. 5 depicts a communication sequence that 
occurs among the major elements of system 5 for moving a 
host session from a B channel circuit switched connection to 
20 a D channel packet switched connection; 

FIG. 6 depicts a communication sequence that 
occurs among the major elements of system 5 for moving a 
host session from a D channel packet switched connection to 
25 a B channel circuit switched connection; 

FIG. 7 depicts a communication sequence that 
occurs among the major elements of system 5 for invoking a 
session initiated disconnect in order to terminate a host 
30 session; 

FIG. 8 depicts a generalized embodiment 
(multi-broker architecture) of our inventive system in which 
a plurality of, e.g. two, brokers are inter-connected 
35 through an ISDN to carry a session therebetween and where 
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aithar broker can dynamically change an ISDN access path 
that connacts tha communicating brofcara batvaan a circuit 
avitchad connaction and a packat avitchad connection 
according to tha communication damanda that occur during tha 
5 aaaaion; and 

FIG. 9 ahowa tha propar alignmant of tha drawing 
ahaata for FIGa. 9A and 9B; 

10 FIGa. 9A and 9B collactivaly dapict a atata 

diagram of tha aoftvara that la implamantad within any 
brofcar that forma multi-brokar ayatam 800 shown in FIG. 8 
and uaad in conjunction with dynamically managing a aingla 
ISDN accaaa path appaaring tharain. 

15 

To facilitata undarstanding, idantical rafaranca 
numarala hava baan uaad, whara poaaibla, to danota idantical 
alamants that ara common to various figuras. 

20 DETAILED DESCRIPTION 

Aftar raading tha following datailad daacription, 
thoaa sfcillad in tha art will claarly raaliza that tha 
taachings of tha praaant invantion can ba raadily appliad to 

25 and incorporatad within substantially any tranaaiasion 

natwork that can connact a host computar to a uaar through 
two or mora saparata communication connactiona that hava 
diffaring attributas, such as 11 lustra tivaly throughput, 
transport dalay or cost of usa. For axampla, ona such 

30 connaction may ba optimisad to carry high dansity low-dalay 
traffic; whila tha othar connaction may ba optimizad to 
carry ralativaly low danaity traffic that is ralativaly 
dalay inaanaitiva. Aa such, tha natworfc could ba a privata 
natworX with a Tl backbona in which a portion of 'tha 

35 availabla natworfc bandwidth is allocatad to an X.25 typa 
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pack.t network with th. remainder or th. bandwidth allocated 
to traffic that i« to b. routed through a relatively fast 
switching device, such as an electronic circuit switch. 
Alternatively, th. network could be a broadband ISDN network 
5 in which: a continuous digitized video signal could be 

routed through a circuit switched connection established 
over any on. of several broadband channels, voice and other 
delay s.n.itiv. traffic could be routed over circuit 
switched connection, established through any on. of a number 
10 of r.lativ.ly narrowband channels, and other traffic could 
be routed on a packet basis through packet switched 
connections established through channel, designed to be 
interfaced to respective local and/or metropolitan area 
networks. Nonetheless, for purpose, of illustration and to 
15 simplify th. following discussion, th. invention will be 

discussed in the contact of us. with narrowband ISDK -B- and 
-D- chann.1., i... basic ISDN .cc... li„„ ^ , aca n „ two 
64 kbits/second -B- channel, (that each provide, either 
circuit switch.d or packet switched connection.) and on. 16 
20 kbits/second -D- channel (that only provide, pack.t .witched 
connection.) . 



25 



With thi. in mind, FIG. 1 depict, a block diagram 
of th. hardwar. that implement, inventive system 5 for 
dynamically changing an ISDN access path, that connect, a 
user terminal to an ISDN .witch and therethrough to a host 
computer, between • circuit switched connection and a packet 
.witched connection during a host session according to the 
communication demand, of the ho.t co»put.r that occur during 
the session, in thi. regard, highly interactive 
delay-sensitive host task, that disable a packet 
eesenbly/disasseably (-PAD-) function in the local terminal 
are carried over a circuit switched ISDN connection, while a 
packet switched ISDN connection is used to carry -traffic for 
35 other host tasks. 



30 
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As shown, systsm 5 establishes An ISDN connection 
bstveen user sits 20 and host sits 80 for carrying a host 
ssssion .therebetween on sithsr a B channsl circuit svitchsd 
5 and/or D channsl packet svitchsd basis. Ths ISDN B channsl 
-packet capability is not ussd by our invsntivs system and, 
as such, will not be discusssd hereinafter. User terminal 
10 is situated at ussr sits 20 and consists of personal 
computer 12, such as illustratively an "IBM" &odsl PC or 

10 "PC/XT" personal computer (PC) (IBM is a registered 

trademark of the International Business Machines Corporation 
of Armonk, New York which also owns ths trademark PC/XT] or 
the like, and in-slot terminal adapter 14 which is mountsd 
within the PC. The terminal adapter is illustratively an 

15 -ISDN Integrated Terminal Adapter" number Telsos B100PC 

currently manufactured by Tsleos Communications Corporation 
located in Eat on town, Mew Jersey with its accompanying 
control softwars also available from Teleos Communications 
Corporations and executing within the PC. The ussr terminal 

20 includes a user keyboard and a ussr display screen. This 

terminal could include other peripheral devices (wsll known 
and not shown), such as, for example, floppy and/ or hard 
disk drives, a scanner and/or a printer, which can be used 
for purposes of user input and output. To simplify the 

25 following discussion, ussr input will originats from the 
keyboard and user output will be written to the display 
screen. For the sake of convenience, the entire user 
terminal will be hereinafter referred to as the User PC. 
The terminal adapter couples the User PC to a physical ISDN 

30 2"B"+"D" connection appearing on line 15 and supports 

softwars that executes in the Ussr PC that simultaneously 
uses "D" channel packet switching and "B" channel circuit 
switching connections. In addition, the terminal adapter 
also providss ths PAD function as defined by CCITT 

35 Recommendation X.3. For detailed information regarding this 



function, the reader is referred to "Packet 
Asaeably/Disassaably Facility (PAD) in a Public Data 
Network", CCTTT Recommends* n n X, T i 1984, CCITT docuaent 
AP VIII-57-E, pages 22-44. Tha User PC is connected, via 
lina 15, to network teraination 18 aituatod at tha user 
site. Tha natwork taraination, typically a nodal "ISDN/NT" 
natwork taraination aanufactured by Sieaene Corporation, 
tarainataa tha ISDN accaaa linar which may ba iaplaaantad 
ovar a aultiplexed digital loop carriar (DLC) link, running 
from ISDN switch 35 locatad at ISDN cantral office 30 to tha 
uaar site. Dapanding upon tha naada of tha uaar, tha 
natwork taraination can aaraly provida a two or four wira 
loop froa a DLC link or can ba a privata branch exchange 
(PBX) which providaa local aultiplaxing, switching, protocol 
handling and concantration functiona. To siaplify tha 
discussion, all tha natwork tarainationa will ba assuaad to 
aaraly coupla a basic ISDN accaas lina, i.e. a 2»B"+"D" 
link, ovar a DLC link froa tha ISDN switch into a two wira 
loop, e.g. lina 15, for connection to associated terminal 
Adapters. ISDN switch 35 is illustratively a aodel EWSD/PH 
ISDN switch currently aanufacturad by Siaaans Corporation 
and is situated at a central office operated by a local 
telephone coapany. Coaaunication is carried over the D 
channel on an end-to-end basis using the CCITT X.25 protocol 
(hereinafter referred to as the X.25 protocol) , while 
coaaunication is carried over the B channel on an end-to-end 
basis using the CCITT V.120 link layer protocol (hereinafter 
rsfsrrad to as the V.120 protocol) for reliable data 
carriage. *or detailed inforaation regarding the V.120 
protocol, see CCITT Recomn«nd*nHrm v.^yft, ixth Plenary 
Aaseably, Melbourne, 1988, pages 111-145. Although a single 
ISDN switch is ahown at one central offica, this switch 
would in actuality likely be replaced by an ISDN network 
that contains aultiple ISDN switches inter-connected by 
appropriate end-to-end transport and toll switching 



i 
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facilities. Nonetheless, for simplif ication, the drawing 
and the ensuing discussion vill discuss the ISDN network in 
the context of containing switch 35 situated at central 
office 30. 

5 

Switch 35 also provides a basic 2"B"+"D" ISDN 
connection, via access line 35 , to host site 80. Within the 
host site, incoming communication from the user terminal to 
host system 70 is carried from access line 35 sequentially 

10 through network termination 40 and PC 50 through local area 
network (LAN) 60 onward to the host system and in the 
reveres direction for outgoing traffic from the host system 
to the User PC. Host system 70 illustratively contains 
independent host computers 70^ and 70 2 , each of which is 

15 illustratively a "DEC" %VAX" computer currently 

manufactured by the Digital Equipment Corporation of 
Maynard, Massachusetts (which also owns the trademarks DEC 
and /j VAX) executing the "UNIX" operating system (UNIX is a 
registered trademark of American Telephone and Telegraph of 

20 New York, New York) . A user can conduct a host session with 
either host computer, depending upon where a desired host 
application program resides. Inasmuch as the following 
discussion applies squally to both host computers , than, to 
simplify this discussion, the desired host application will 

25 be assumed to reside in host computer 70 x with which, unless 
otherwise specifically noted below, the user will conduct a 
host session. 



PC 50, hereinafter Referred to as the . "Broker PC", 
30 functions as a communications processor to provide an ISDN 
interface to the host system 70 and also to instruct ISDN 
switch 35 to dynamically change the ISDN connection provided 
during a host session over both access paths 25 and 35 
between a B channel circuit switched connection and a D 
35 channel packet switched connection according to the 
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communication dt&ftndi of the task presently executing on 
host computer 70 1 as part of a current host session. The 
Broker PC is illustratively an IBM model "PC/AT" personal 
computer currently manufactured by the IBM Corporation 
5 (which also owns the registered trademark PC/AT) or the 
like. As discussed in detail below, the host computer 
suitably instructs the Broker PC to change the communication 
channel during an on-going host-session from circuit 
switched to packet switched as the communication needs of 
10 the host computer that occur during the host session change. 
This change occurs in a fashion that does not disrupt the 
host session and is substantially, if not totally, 
transparent to the user. By dynamically selecting the 
specific ISDN connection available over ISDN access paths 25 
15 and 35 to match the bandwidth requirements of the current 

task being executed on the host computer, the efficiency of 
the ISDN network advantageously increases as does the 
i^bility of the local telephone company to provide ISDN 
services sufficient to meet the expected demand of all its 
20 ISDN users. 

Specifically, at the host site, network 
termination 40 couples basic ISDN 2"B"+»D" access line 35 to 
the Broker PC via line 45. The Broker PC is itself coupled 

25 to host system 70 through well-known LAN interface 55 which, 
in turn, is connected to local area network 60, which is 
illustratively an Ethernet LAN that uses TCP/IP protocol 
(transmission control protocol/internet protocol) . For 
detailed information regarding the TCP/IP protocol, see BEH 

30 PrQtQCQl Handbook. Volume Two Damn Tnta m et Protocol g f 
Defense Communications Agency, December 1985, pages 2-99 to 
2-149 for the IP protocol and pages 2-179 to 2-269 for the 
TCP protocol. The IAN interface is illustratively an 
in-slot model EXOS 205T Intelligent Ethernet Controller 

35 currently manufactured by EXCELAN incorporated of San Jose, 
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California and which utilizes, as communication software 
executing within the Broker PC, "The IAN Workplace for PC 
DOS Socket Library" program that ia currently available from 
EXCZIAN incorporated. IAN Interface 55 and host computers 
5 70 x and 70 2 each possess different network addresses on IAN 
60, The IAN carries Ethernet IAN packets. These packets 
contain either packet traffic associated with the "D" 
channel that forms part of basic ISDN access line 35 or 
circuit switched traffic associated with a corresponding one 

10 of the "B" channels that also forms part of this basic ISDN 
access line. The Broker PC contains in-slot terminal 
adapter 53 which is substantially identical to terminal 
adapter 14. Adapter 53 couples the Broker'pc to a physical 
two wire ISDN 2"B"+"D" connection appearing on line 45 , 

15 supports software that executes in this PC for 

simultaneously using "D" channel packet switching and "B* 
channel circuit switching connections and also incorporates 
the PAD function defined by the CCITT X.3 and X.29 
Recommendations within the Broker PC. 

20 

The discussion will now address the software that 
is used within inventive system 5. This software consists 
of three sections: that which executes within User PC 10, 
that which executes within Broker PC 50 and lastly that 

25 which executes within the host computer. ; The software in 

executing in the User and Broker PCs is event and generally 
interrupt driven and triggered primarily through requests 
originating with the host computer to change the ISDN 
communication path. With this in mind, the software 

30 executing in the User PC and the Broker PC will be presented 
in terms of state diagrams rather than flowcharts inasmuch 
as these diagrams depict the event driven operation of this 
software more clearly and more explicitly than do 
flowcharts. The software executing in the host computer is 

35 not depicted due to its simplicity but will be explained in 



necessary detail below. Given the various states and tha 
events that trigger a transition between thaaa states, as 
shown and discussed in datail below, anyona a)cillad in tha 
art can readily compos • appropriata computer prograas that 
imp lament this software. 

System 5 can accommodate a multitude of usars to 
dynamically changa tha ISDN channal (batwaan circuit and 
packet switched) used by each usar in accordance with 
communication requireaants of each corrasponding host 
session thereby dynamically matching the available 
communication bandwidth to the host task presently baing 
executed for that user. To accommodate more than one user, 
the User PC and the Broker PC each allocates a set of 
separate states to each different ISDN access path that 
exists for each user communicating therethrough and for each 
different host session in the event any usar has established 
more than one host session involving one or more host 
computers. Typically, a User PC will support only one user 
at a time; while a Broker PC will support up to 
illustratively eight simultaneous host sessions 
communicating through eight different ISDN access paths to 
eight corresponding User PCs. The states allocated by the 
User PC and involving an ISDN access path are shown in PICs. 
2A and 2B; while those states allocated by the Broker PC for 
the same ISDN access path axe shown in PICs. 3A and 3B. 
Inasmuch as system 5 operates in an identical fashion for 
each different ISDN access path established between either a 
different user and/or a different host session and a host 
computer, then, to simplify the drawings and the following 
discussion, each user will be assumed to have established 
only one host session and the drawings and ensuing 
discussion will center on the management of one ISDN access 
path existing between the User PC and the host computer. 
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As such, a stats diagram of ths softvars that is 
implemented within Ussr PC 10 and ussd in conjunction with 
dynamically managing a singls ISDN accsss path appearing in 
systsa 5 is collectively dspicted in FIGs. 2A and 2B; the 
5 propsr alignment of the drawing sheets for these figures is 
shown in FIG. 2. 



Specifically, if an ISDN call has not been made 
from the User PC to the host computer, then the User PC 

10 .resides in terminal idle state 210. In this state, the User 
PC remains in an idle condition with a well )cnown terminal 
emulation program executing and waiting for input from a 
user* Once a user begins entering information into the 
terminal in an attempt to initiate an ISDN call to a remote 

15 host, then the User PC attempts to transition to a new state 
depending upon whether the call was successfully placed. In 
particular, inasmuch as the call is to be first established 
over a D channel packet switched connection, the User PC 
through the terminal emulation program sends an X.25 Call 

20 Request packet which specifies the Broker PC as its 

destination through the ISDN switch. In the event the ISDN 
switch cannot route the ISDN D channel call from the User PC 
onward to the Broker PC, such as for example if a failure 
occurs in the switch, thsn the switch sends an X.25 Clear 

25 packet back to the User PC. In response. to the receipt of 
this packet, the User PC aborts the call and then its state 
transitions back to terminal idle state 210, as indicated -by 
line 213. Alternatively, in the event the switch 
successfully establishes a D channel connection from the 

30 User PC to the Broker PC, i.e. by allocating a suitable 

virtual X.25 connection therebetween, then the ISDN switch 
will transmit an X.25 Call Connect packet back to the User 
PC in lieu of an X.25 Clear packet. In response to the 
receipt of the X.25 Call Connect packet, the state of the 

35 User PC transitions into the D Channel Steady State state 
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220. Whila in thi. .tata, tha U.ar PC Is abl. to r.caiva 
input data fro» tha uaar keyboard that forms part of tha 
Usar PC, proc... this data according to tha X.3 and X.29 PAD 
Racoaaandationa and than tranaait thi. data as X.25 packats 
through tha ISDN .witch ovar tha nawly aatabli.bad D channal 
connaction to tha Brokar. PC. In tha avant any x.25 packats 
ara racaivad at tha U.ar PC froa tha ISDM .witch whila tha 
U.ar PC raaain. in .tata 220, than tha U.ar PC will di.play 
any X.25 data pra.ant in thaaa packats onto tha u.ar .craan 
that foras part of tha U.ar PC and appropriataly proc... any 
PAD coaaanda that ara pra.ant in tha.a packat. according to 
tha X.3 and X.29 PAD Racoaaandationa . 

Now, whila tha U.ar PC raaida. in .tata 220, tha 
Uaar PC can racaiva a aaa.aga, .pacifically a -Call S.tup" 
a...ag. in tha CCITT Q.931 protocol (harainaftar rafarrad to 
a. tha Q.931 protocol), ovar tha D channal froa tha ISDN 
■witch. All Q.931 aaaaaga. ara carriad a. .uitabla packat. 
ovar tha D channal connaction. For datailad inforaation 
ragarding tha Q.931 protocol, .aa -Digital Accas. Signalling 
Sy.taa-, CCITT RacoTn na nrf a ^<»» n irn VTIIth PI. nary 
A«.aably, Malaga-Torraaolino., 8-19 Octobar 1984, paga. 
57-193. Tha Q.931 protocol .pacifias tha procaduras for 
a.tabliahing, »aintaining and claaring of natwork 
connaction. at an ISDM u..r-natwork intarfaca. in any 
•vant, racaipt of tha Q.931 S.tup *a..aga, if it originates 
with tha Brokar PC, indicata. that tha Brokar PC and 
tharathrough tha ISDN .witch hava baan inatructad by tha 
ho.t coaputar to chonga tha ISDN connaction batwaan tha User 
PC and tha Brokar PC froa D channal packat .witchad to B 
channal circuit awitchad and that tha U.ar PC ahould 
appropriataly .witch it. ISDN connaction to tha awitch. 
Spacifically, onca tha Q.931 Call Satup aaaaaga ha. baan 
racaivad by tha U.ar PC, tha U.ar PC will varlfy -whathar 
thi. aa.saga originatad with tha Brokar PC, i.a. Brokar PC 
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50 shown in FIG. 1, by examining the contents of a Calling 
Party Identification field that forms part of this message. 
If this message did not originate with the Broker PC, than, 
as shown by lina 223 in FIGs. 2A and 2B, an error condition 
5 has occurred inasmuch as the User PC has received a Q.931 
message from a Broker PC that is not presently associated 
with the User PC. As such, the User PC will transmit a 
Q.931 Call Disconnect message over the D channel to the IS DM 
switch to instruct the switch to tsar down the B Channel 

10 circuit switched connection that it has just erroneously 

established to the User PC. Once this Disconnect message is 
transmitted, the state of the User PC transitions back into 
D Channel Steady State as indicated by line 223. If, 
however, the originator of the Q.931 Call Setup message was 

15 the proper Broker PC, i.e. Broker PC 50 shown in FIG. 1, 
then, as shown in FIGs. 2 A and 2B, the User PC will 
transition along line 227 to B Channel Establishment state 
230 to suitably change its ISDH connection to the switch. 

20 B Channel Establishment state 230 is a transitory 

state. The User PC will exist within this state for a very 
short period of time. While in this state, the User PC will 
not transmit any data massages to the ISDN switch. However, 
the User PC will accept any keyboard input from the user and 

25 locally buffer this data for subsequent transmission. If 

any X.25 packets are racaived from the ISDN switch over the 
D channel connection thereto, then the User PC will locally 
display the data contained within these packets and will 
appropriately process any PAD commands contained within 

30 these packets according to the X.3 and X.29 PAD 

Recommendations. Also, in the event any B channel data is 
received, the User PC will appropriately buffer this data 
for subsequent display. Now, based upon whether a 
successful B channel connection can be established between 

35 the User PC and the ISDN switch, the User PC will transition 
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to on* of three stataa: d Channel Steady State 220, Terainal 
Idle state 210 or B Channel Steady State 240. 

In particular, in tha event that, whila tha Oaar 
PC raaidaa in atata 230, tha .witch naxt aanda a Q.931 Call 
Diaconnact aessage to tha Oaar PC ovar tha D channal 
instructing tha Daar PC to tear down tha B channal 
connection to tha .witch, than tha atata of tha Daar PC 
transitions along lina 234 back to D Channal Staady stata 
220. Tha Daar PC will al.o return to state 220 in the event 
it aenda a Q.931 Connect aesaage ovar tha D channel followed 
by a failure of the V.120 protocol that ia tiaed for B 
channel coaaunication to properly initialise. Specifically, 
a Q.931 Connect aesaage will be aant by the recipient of a ' 
Q.931 call Setup aeaaage, here the Dear PC, in responae to 
thi. Call setup aeaaage if the recipient aucceaafully 
eatabliahea a B channel connection to the Bander of tha Call 
Setup aeaaage, here the ISDN awltch. Therefore, if the Uaer 
PC aucceaafully eatahliahe. a B Channel connection to the 
ISDM awitch in reaponae to the Q.931 Call Setup aeesage it 
received froa the .witch, then tha U.ar PC will tranaait a 
Q.931 Connect back to tha .witch. Once thi. occur., the 
'Jaar PC will than invoke tha V.12.0 protocol to handle 
subsequent B channal coaaunication. If thi. protocol fails 
to properly initialize between both tha U.ar PC and the 
Broker PC, than terainal adapter 14, a. shown in FIG. 1, 
will appropriately signal the Dser PC. IN response, the 
User PC, as shown in riCa. 2A and 2B, will sand a Q.931 
Diaconnact aessage back to tha ISDN switch to instruct the 
switch to tear down this B channel connection. Thereafter, 
the stata of the User PC will also tranaition along line 234 
back to D Channel Steady state stata 220. As such, no B 
channal will be established through the ISDN ewitch between 
the User PC and the Broker PC. 
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The Ussr PC, while sxisting in B Channsl 
Establishment stats 230, could also rsceive an X.25 Clsar 
packet from ths host computer, thereby indicating that theD 
channsl packet connection should be torn down. This could 
5 occur whan ths host computer terminates the current host 

session with the user. A 0 channel connection, which merely 
involves a virtual X.25 connection that consumes minimal 
switch and network resources, is always maintained during a 
host session, with a B channel connection, which consumes a 

10 relatively larger share of network resources, being 

established or torn down as communication requirements of 
the host computer change during the session* As such, as 
long as a host session is in progress a D fchannel connection 
will exist; however, once a host session is terminated, then 

15 the D channel connection will be terminated as well. 

Therefore, if the User PC receives an X.25 Clear packet 
while it resides in B Channel Establishment state 230, then 
the User PC will relinquish the D channel connection and 
transmit a Q.931 Disconnect message to the ISDN switch over 

20 the D channel instructing the switch to tear down ths B 

channsl connection, if it pressntly sxists, to ths Dssr PC. 
Ths User PC will then rslinquish ths B channsl connection, 
should it exist, and transition back to Terminal Idle state 
210, as indicated by lins 232. 

25 

Now, alternatively, in the svsnt that ths B 
channsl connection has bsen succsssfully established between 
the Ussr PC and ths Broksr PC as indicated by ths 
transmission of a Q.931 Connsct message by the User PC 

30 followed by succsssful initiation of ths V.120 protocol at 
ths Ussr PC, thsn ths Broksr PC will transmit a "sealing" 
message over the X.25 D channel connection to ths Ussr PC. 
Such a msssags is ussd to "seal" off the X.25 connection 
from carrying further communication while ths B channel is 

35 .in uss. Ths need for such a message arises in that once the 
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B channal circuit .witched connection i« e.tabliehad b.twn 
the Uaar PC and th. Brokar PC, two parallel ISDN connection* 
exiat between theae PC.: a B channel circuit switched 
connection and a D channel packat awitchad connaction. Aa 
diacuaaad above, tha B channel connaction haa a auch ehortar 
tranaport lag aaaociatad with it than does tha 0 channal 
connaction. Howavar, ahortly prior to tha incaption of tha 
B channal connaction, an X.25^data packat could b« 
tranaaitted ovar tha D channal connaction to tha Uaar PC and 
dua to tranaport laga aaaociatad with tha ISDN packat 
natwork not arriva at tha Daar PC until attar tha B channal 
connaction haa baan eatabliahed. In auch a aituation, tha 
Uaar PC Bight erroneouely intarprat or ignore this packat of 
data. To aaaura that tha Uaar PC has racaivad tha laat X.25 
data packat ovar tha D channal, tha Brokar PC transaits a 
pra-dafinad data aessaga, i.a. a ao-oalled "aaaling" 
aaaaaga, aa an X.25 packat ovar tha D channal. Thia aaaling 
aaaaaga, whan received at tha Daar PC, apecifiea that, now 
whila tha B channal connaction axiata, tha Uaar PC will 
temporarily racaiva no mora data ovar tha D channal. Aa 
auch, thia aaaaaga alao inatructa tha Uaar PC to racaiva all 
data ovar tha B channal and to aubaaquantly ignora X.25 data 
that ia racaivad ovar tha D channal. Nonetheless, tha Uaar 
PC ia atill abla to racaiva and procaaa x.25 command 
packata, auch aa an X.25 Claar packat, and Q.931 aaaaagas 
that appaar ovar tha D channal. Hanca, whan tha Uaar PC 
racaivaa a aaaling aaaaaga froa tha Brokar PC, tha Uaar PC 
datarainaa that thara ia no further X.25 packat data to 
diaplay to tha uaar. Aa auch, tha Uaar PC will than routa 
any and all buf farad B channal data to tha uaar screen for 
diaplay. Once thia has occurred, the Uaar PC will 
transition into B Channel steady state state 240 aa 
indicated by line 236. 




WO 90/ 1 2466 PCT7 US89/05848 

-31- 

While in B Channel Steady state state 240, the 
User PC accepts any data which tha user* enters via the user 
keyboard, processes this data according to tha X.3 and X.29 
PAD recommsndations and than transmits tha resulting circuit 
5 switched data over the B channel connection through the 

switch to the Broker PC. " Correspondingly, in the event that 
the User PC receives any X.3 and X. 29 PAD commands and data 
and over the B channel circuit switched connection, the User 
PC appropriately processes the PAD commands and sends the 

10 resulting data to the user screen for local display* For 
purposes of simplifying the actual implementation of 
inventive system 5, we have chosen not to allow the User PC 
to disable the PAD functions merely coincident with the 
establishment of a circuit switched connection between the 

15 User and Broker PCs. Specifically, to simplify the 
software, the various routines that provide the PAD 
function , from a software architectural standpoint, in the 
User PC execute at a higher level than do the X.25 routines 
which control the terminal adapter in the User PC. Though 

20 the PAD functions provide relatively little benefit with a 
circuit switched connection owing to the minimal transport 
lag inherent in much a connection, there appears to be no 
disadvantage to letting these functions operate in the User 
PC with these connections, unless the host specifically 

25 disables these functions. In particular, as noted and 

discussed below in detail, the host computer changes the 
ISDN access path between D and B channel connections 
whenever the host computer determines that local buffering 
at the User PC is not compatible with the communication 

30 requirements of the host application currently executing 

within the host session and also turns off this buffering in 
the User PC which otherwise would be provided by the PAD 
functions. In such a situation, the host computer 
appropriately inatructs the User PC to appropriately disable 
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tha PAD functionality vhanavar such a host application, such 
as a scraan aditor, ia axacuting. 

, Onca tha atata of tha Uaar PC tranaitiona into B 
channal Staady Stata atata- 240, tha Uaar PC raaains in this 
atata until it racaivaa aithar a Q.931 Diaconnact maasaga or 
an X.25 Claar packat. Spacifically, if tha Uaar PC racaivaa 
a Q.931 Diaconnact maasaga, thia lndicataa that tha uaar PC 
ia to taar down tha B channal circuit awitchad connaction 
and avitch to D channal packat communication. As such, tha 
Uaar PC will than ralinquiah tha B channal connaction, 
should it axist, and tranaition back to D Channal Staady 
Stata atata 220, aa indicatad by lina 243, s to aubsaguantly 
comaunicata ovar tha axiating D channal connaction. 
Altarnativaly, if tha Uaar PC racaivaa an X.25 Claar packat 
ovar tha 0 channal connaction, than, aa discuaaad abova, tha 
Uaar PC will ralinquiah tha D channal connaction and 
tranamit a Q.931 Diaconnact maaaaga to tha ISDN avitch ovar 
tha D channal inatructing tha avitch to taar dovn tha B 
channal connaction to tha Uaar PC. Tha Uaar PC vill than 
ralinquiah tha B channal connaction and tranaition back to 
Tarminal Xdla stata 210, as indicatad by lina 247 to avait 
tha initiation of tha naxt host aaasion. 

A stata diagram of tha aoftvara implaaantad within 
Brokar PC 50 that forma part of systam 5* shovn in PIC. 1 and 
uaad in conjunction vith dynamically managing tha ISDN 
accaas path batvasn tha Uaar PC and tha Brokar PC ia 
collactivaly dapictad in PIGa. 3 A and 3Bj tha propar 
.alignment of tha drawing shaats for thasa figuras is shovn 
in PIG. 3. 

Initially, if a host sasaion has not baan 
astablishad batvaan tha Usar PC and tha hoat computar sarved 
by tha Brokar PC, hara Brokar PC 50 ahovn in PIG. 1, than 
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the Broker PC remains in Port Idle state 310 shown in 
FIGs. 3A and 3B. In this stats, ths broker merely waits for 
an interrupt to be generated by either IAN interface 55, 
shown in FIG. 1, signifying that ths host computer has sent 
5 a TCP/IP packet over the IAN to the Broker PC or by terminal 
adapter 53 signifying that the User PC is attempting to 
connect through the ISDN switch to the Broker PC, In 
particular, upon receipt of an X.25 Call Setup packet, the 
Broker PC will determine whether it has an ISDN port 

10 available to serve the calling party, here the User PC, and 
that the calling party has both a valid CCITT Z.164 address 
for circuit switched traffic and a valid corresponding CCITT 
X.-121 address for packet switched traffic* If such an ISDN 
port is not available or if either CCITT address is invalid, 

15 then the Broker PC returns an X.25 Clear packst to the ISDN 
switch and its stats transitions, as shown in FIGs* 3A and 
3B, back to Port Idle state 310, as indicatsd by line 313. 
Alternatively, if a port is available and the User PC has 
valid addresses, thereby indicating that the User PC has 

20 successfully dialed into the Broker PC through the ISDN 
switch, the Broker PC then transmits an X.25 Call Accept 
packet back to the ISDN switch to acknowledge that it has 
established an X.25 packet connection to the switch. 
Thereafter, as shown by line 317, the state of the Broker PC 

25 transitions to User Session Establishment state 320. This 
state is simply a transitory state during which no 
operations occur. The Broker PC will exit from this state 
and transition either back to Port Idle state 310 or onward 
to D Channel Steady State state 330 depending upon whether 

30 the Broker PC can successfully establish a connection over 
the IAN to the host computer. In particular, if the Broker 
PC is not able to connect to the host computer, because, for 
example, the host computer and/or the IAN is not operating, 
then the Broker PC transmits an X.25 data packet :containing 

35 the message "Host Unavailable" back through the switch to 
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th. User PC for local display to th. u..r situate d th.r.at. 
One. this packet i. tranaaitted, the Brokar PC than 
transmits an X.25 Claar packet to tha ISDN switch to 
instruct it to taar down th. D chann.l connection. 
Th.raaftar, th. Brokar PC r.turn. to Port Idl. stata 310 as 
indicatad by Una 323. Alternatively, if a connection was 
successfully established over the IAN between the Brokar PC 
and tha host computer, as part of which the broker has 
established a correapondence between an available port 
addr... on IAN 60 and the boat coaputer, then, a. indicatad 
by lin. 327, th. state of the Broker PC transitions into D 
Channel Steady State state 330. 

In D Channel Steady State state 330, the Broker PC 
accepts X.25 packata froa the Deer PC through the switch, 
converts th... packets into Ethernet IAN packets and 
thereafter transaits th... ian packets over the establish.d 
IAN connection to tha host coaputer for processing. 
Likawie., th. Broker PC also accepts X.25 packets over the 
IAN connection froa the host, converts these packets into 
X.25 packets and thereafter transaits these X.25 packets 
through the switch to the User PC. The Broker PC does not 
utilir. the PAD functions to process the data it receivea 
froa tha host coaputer but rather passes the data it 
receives, after suitable protocol conversion, between the 
host coaputer and the Oser PC over the ISDN access path. 
The Broker PC relies on the host to provide the necessary 
PAD functions. The Broker PC will leave state 330 under 
various conditions: an X.25 Clear aessage is received froa 
the switch to disconnect the D channel connection, the IAN 
connection to the host is to be disconnected, or a B channel 
connection is to be established. Specifically, if an X.25 
Clear aeasage is received froa the ISDN switch, then the 
Broker PC terainates the session. In this caae, -the Broker 
PC instructs IAN interface 60 (.••"fig. i> to disconnect th. 
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TCP/IP IAN connection to the host computer and, once this 
ha. occurred, the state of the Broker PC transition* back 
into Port Idle state 310, as indicated by Una 336 shown in 
PIGs. 3A and 3B. Alternatively, in the avant tha host 
5 computar "disconnects tha LAN connaction by sanding an 

appropriate TCP/IP message to tha broker, than the state of 
tha Broker PC transitions to Session Initiated Disconnect 
state 360, as indicated by line 334. State 360 is merely a 
transitory state which, when entered by the Broker PC, is 
10 immediately followed by transmission of an X.25 Clear packet 
by tha Broker PC to tha ISDN switch in order to disconnect 
the D Channel connection to the switch and, in turn via tha 
switch as discussed above, therethrough to' the Oaar PC. 
Once this packet is transmitted, the state of the Broker PC 
15 transitions back to Port Idle state 310, as indicated by 

line 365. How, alternatively, if the Broker PC receives a 
-Transition to B Channel- control message over the LAN 
connection from the host computer, then the Broker PC is 
being instructed by tha host computer to change the ISDN 
20 connection from a D to a B channel connection. As such, the 
Broker PC first verifies that an idle B channel is available 
at terminal adapter 53, as shown in FIG. 1, for subsequent 
use. Thereafter, if such an idle channel is available, 
then, as shown in FIGs. 3X and 3B, the Broker PC reserves 
25 that channel and subsequently transmits a Q.931 Setup 

message to the ISDN switch. Once this setup message has 
been transmitted, the state of the Broker PC then 
transitions along line 332 from D Channel Steady State state 
330 to B Channel Establishment state 340. 

30 

The B Channel Establishment state is also a 
transient state/ however, the Broker PC remains in this 
state for whatever interval of time is necessary to either 
successfully set up a B channel connection with the switch 
35 or determine that such a B channel connection can not be 
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e.tablished. while th. Brok.r PC r.aains in .tat. 340, this 
PC continu.s to bi-dir.ctionally pass X .25 pack.ts betw.en 
th. U..r PC, through th. ISDN .witch, and, via th. IAN 
conn.ction, th. host coaput.r, a. occur. ±„ D chann.l st.ady 
5 Stat. .tat. 330. Now, if Brok.r PC d.t.rain.. that an idl. 
b chann.l is not availabl. or, if .uch a B chann.l is 
availabl. but a B chann.l conn.ction can not b. ..tabli.h.d 
through th. .witch ov.r this chann.l, b.caus. for exaapl. 
th. V.120 protocol will not prop.rly initial!,., th.n the 
Bro)c.r PC transaits a -Non-acknowledgeaent" (NAK) ...sag. 
back to th. host coaput.r to indicat. that a B chann.1 
connection can not b. ..tablish.d at this ti... Th. state 
of th. Brok.r PC then transition, along line 343 back int0 0 
Chann.l St.ady Stat. .tat. 330. Alt.rnativ.ly, if th. 
Brok.r PC r.c.iv.. « q. 931 C onn.ct .e.sag. fro. th. switch 
and an indication (such a. th. V.120 protocol ha. prop.rly 
initialized) froa terminal adapt.r 53, shown in FIG. l, 
indicating that th. B chann.l conn.ction has just b..n 
succ...fuii y .stabli.h.d with th. .witch, th.n, a. shown in 
FICs. 3A and 3B, th. Brok.r PC traneaits an 
»Acknowl.dg«»ent» (ACIC) »..sag. back to th. host to confirm 
th. «xist«nc. of pr...ntly op.rational B chann.l conn.ction 
through th. switch. One. this occurs, th. Brok.r PC 
tranamit. a -..aling- ...sag., a. di.cu...d abov., within an 
X.25 padc.t ov.r th. D chann.l through th. .witch and to th. 
U..r PC. one. this ...sag. i. transmitted, th.n th. stat. 
of th. Brok.r PC transitions along lin. 347 into B chann.l 
St.ady stat. stat. 350. 
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While in B Chann.l Steady State state 350, the 
Broker PC accepts data in V.120 for. over the B channel 
circuit switched connection fro. the switch and originating 
with the User PC and converts this data into TCP/IP packets 
that it then tran.mit. over the IAN connection to- the host 
35 coaputer. Lik.wi.., th. Brok.r PC accpts TCP/IP pack.ts 
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appearing on the IAN connection and originating with the 
host computer, converts this data into V.120 form and than 
transmits thi» V.120 data through the B channel connection 
through :the switch for eubeequent transmission to the User 
5 pc. As noted above, the Broker PC merely passes data after 
appropriate protocol conversion between the User PC and the 
host computer without altering the content of the data in 
any way. The Broker PC remains in state 350 until the host 
computer disconnects the IAN connection, the switch 
10 disconnects the B channel connection or the host computer 
instructs the Broker PC to change from the current ISDN 
access path from a B to a D channel connection. In 
particular, if the Broker PC while residing in state 350 
receives a IAN Disconnect message from the host computer 
15 indicating that the host has terminated the host session and 
that the IAN connection between the Broker PC and the host 
computer should be torn down, then the Broker PC transmits a 
Q.931 Disconnect message to the ISDN switch to tear down the 
current B channel connection through the switch and between 
20 the Broker PC and the User PCs. Once this occurs, the state 
of the Broker PC transitions along line 352 into Session 
Initiated Disconnect state 360, as discussed above, in order 
to disconnect the current D channel connection through the 
switch and between the Broker and User PCs. Now, rather 
25 than disconnecting the ISDN access path in response to the 
termination of a host session, the Broker PC could 
alternatively, though not shown, provide a message to the 
User PC requesting that the user enter a name of a different 
host, e.g. host computer 70 2 shown in FIG. 1, into the User 
30 PC so as to establish a IAN connection thereto and a host 
session therewith. In the event that the user decides not 
to establish a session with a different host computer and 
enters an appropriate instruction into the User PC, then the 
Broker PC, upon receipt of this instruction, could then 
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appropriately disconnect the ISDN acctn path to the User 
PC. 

.; Now, if the Broker PC, while raiding in state 
350, receives a Q.931 Disconnect ittsagt from the switch, 
thereby indicative of either the switch or the user 
disconnecting the B channel connection and, by so doing, 
terminating the host session, then the Broker PC disconnects 
the user from the host and frees all remaining ISDN 
resources that are being consumed by the user. 
Specifically, the Bro)cer PC sends both an X.25 Clear message 
to the switch to tear down the D channel packet connection 
and an TCP/IP disconnect message to the host to tear down 
the IAN connection thereto. Once this occurs, the state of 
the Broker PC transitions along line 354 back into Port Idle 
state 310. Lastly, and alternatively, if the Broker PC, 
while in B Channel Steady state 350, receives a "Transition 
to D Channel" control message from the host computer, then 
the Broker PC is to tear down the B channel ISDN access path 
to the switch and therethrough to the User PC and to use the 
D channel connection for subsequent communication. In this 
case, once this control message is received over the IAN 
connection from the host computer, the Broker PC transmits a 
Q.931 Disconnect message to the switch. Once the Broker PC 
receives an appropriate Q.931 message, specifically a Q.931 
Release message as shown in FIG. 5, from the switch 
indicating that the B channel connection is no longer 
functional and is being released, then the Broker PC sends 
an "Acknowledgement" (ACK) message to the host which 
acknowledges that the B channel connection no longer exists. 
Thereafter, the Broker PC re-associates the IAN port with 
the current D channel logical connection. Once this occurs, 
the state of the Broker PC transitions along lin« 356 back 
into D Channel Steady State state 330. 
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Now, having discussad tha procaduras, in tarms of 
statas and atata transitions, followed by the User and 
Brofcer PCs, the discussion will turn to the procsduras 
executed by tha host computer. Tha host computer, with tha 
5 exception of baing cognizant of vhathar a particular usar is 
communicating to it ovar a B or D channal connection, 
oparatas in assantially tha same fashion ragardlass of which 
ISDN connaction is baing employed to communicata during a 
host sassion with that usar. As such, thara ara assantially 
10 no dif farant statas that exist within tha host computer and 
■pacifically corraspond to aithar B or D channal compactions 
and particularly changas occurring therebetween, as wara 
dafinad and discussed abova in conjunction* with tha Usar and 
Broker PCs. 

15 

In particular, tha host computer first allocatas 
and subsaquantly racognixas various pra-dafinad IAN 
addresses, whan IAN connections ara first established, as 
thosa that raquira a connaction through a Broker PC to raach 

20 a usar. At tha incaption of such a connaction, tha hoat 
conputar sands standard "UNIX" "login" and "password"* 
sequences, i.a. raquasting usar antry of account numbars and 
passwords, as Etharnat IAN packets ovar this IAN connaction 
to tha Bro)car PC. Tha Broker PC merely ralays thasa 

25 saquancas contain ad within tha Etharnat packet to tha ISDN 
switch as X.25 packets which, in turn, rela/s thasa 
saquancas within similar X.25 packets to tha usar stationad 
at tha Usar PC. In this mannar, tha host computer raspbnds 
to this attaaptad usar connaction occurring through tha 

30 Brolcar PC in much tha same mannar as tha host computer would 
raspond to a diract "login" attaapt by aithar a usar 
situatad at a ramota tarminal or a diffarant ramotaly 
situatad host computar. 
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Th. host coaput.r utilii.. a , p . cial host protocol 
for communication occurring between the host computer and 
carried through a Bro)t.r PC to a u..r PC. specif ically, the 
ho.t computer i. able to transmit thr.. diff.rent type, of 
5 m.s.eg.. over a IAN connection to tha Broker PC: data 

messages, l/o (input/output) control a..sag.s and transition 
r.qu.st message.. First, data ...sagas originating frca th. 
host which includ. appropriat. formatting command, for a 
given t.rainal wulation program being executed by th. u.«r 
10 ..g. a DEC VT-100 t.rminal or th. lik., ar. pa.s.d 

unaodifi.d by th. Brolcr PC to th. .witch and thereby to th. 
U..r PC for local display th.r.at. in inv.ntiv. sy.twi 5, 
th. host computer, a.r.ly to simplify th.' implantation, 
aaintain. th. .is. of each data message that 1. s.nt to th. 
Brolcr PC as Bth.m.t IAN packets that hav. a six. .qual to 
or lass than th. maximum pacJct siz. allow.d by th. D 
chann.1 X.25 pac)c.t n.twork, i... -128- oct.ts. If any data 
message i. larg.r than this six., th. host coaput.r will 
appropriately pars, this message into contiguous Eth.rnet 
IAN packets that .ach contains a data message b.ing .gual to 
or 1... than -128- oct.ts in six.. Th... maintenance and 
parsing functions could alternatively b. i»pl.m.„t.d in th. 
Brolcr PC by suitably .edifying its software. s.cond, I/O 
control meseages ar. g«n«rat«d by th. host for 
25 int.rpr.tation by th. Us.r PC. Th... control ...sages ar. 
g.n.ratad by th. host coaput.r in ord.r to p.rait th. host 
computer to control t.rainal emulation and th. X.3 and X.29 
PAD functions, such as local buffering and character 
•choing, that execute at th. D.er PC. Th. Brolcr PC a.r.ly 
r.lays these l/o control messages without modification to 
th. switch which, in turn, transacts the.. ...sagas to th. 
0..r PC. Third, th. ho.t generates transition request 
messages, i.«. -Transition to B Channel- and -Transition to 
D Chann.1- messages as discussed above, to the Broker PC 
which instruct the Broker PC to change th. ISDN access path 
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currently being used between a D channel packet switched 
connection and a B channel circuit switched connection and 
vice versa. These transition request messages are 
interpreted by the Broker PC as discussed above to 
5 dynamically manage the ISDN connection by establishing the 
appropriate ISDN access path currently being requested by 
the host. 

As part of this special host protocol, the host 

10 conputer can receive three types of messages over a LAN 

connection from a Broker PC: data messages, operating system 
"signal" messages and transition responses. First, data 
messages merely contain characters that veire initially typed 
by a user situated at the user keyboard of a corresponding 

15 User PC. The host protocol merely delivers these characters 
to a particular host application that the user is currently 
executing within the host computer and which appropriately 
interprets these characters. Second, the host computer can 
receive operating system "signal - messages, such as "Break" 

20 commands, that were generated by the user to temporarily 

terminate a host application and gain the attention of the 
"UNIX* operating system currently executing within the host 
computer in order to subsequently instruct the host computer 
accordingly to execute a subsequent host application. 

25 Third, the host computer can receive transition response 
messages, i.e. "Acknowledgement ■ (ACX) and 
"Non-acknowledgement" (MAX) messages, from the Broker PC. 
These response messages, es discussed shove, report whether 
a transition in the ISDN access path, i.e. from a B to a D 

30 channel connection or vice versa, that has just been 

requested by the host. computer, through a corresponding 
transition request message, has successfully occurred or 
failed. 




WO 90/ 1 2466 PCTV US89/05848 

-42- 

The host computer can request a transition in an 
ISDN access path through two methods: through a direct 
operating system call or indirectly based upon the nature of 
host application currently executing during the host session 
5 with a user. First, the "UNIX" operating system of the host 
can be readily modified to contain an additional operating 
systea call which can be directly inserted as a program 
statement by an applications programmer into a host 
application program* This specific call, when reached in 

10 the program f would appropriately instruct the host operating 
system to generate and transmit an appropriate transition 
request message , i.e. "Transition to B Channel" or 
"Transition to D Channel" , based upon what % the programmer 
envisions the communication requirements of the application 

15 program to be at that point in the program. Whenever this 
call is reached in the program , the call would execute to 
initiate a change in the ISDH access path and then return 
control to the applications program once the host computer 
received a transition response, either XCX or NAK, from the 

20 Broker PC. Alternatively, the host computer could initiate 
a transition in an ISDN access path through an indirect 
method wherein the host computer recognizes those 
applications where echoplex is likely to occur. Here, the 
"UNIX" operating system within host computer could easily be 

25 modified to incorporate a table that identified those 
specific host applications which could generate 
objectionable echoplex, e.g. a "UNIX" "vi" editor. In use, 
the host computer would merely perform a simple table look 
up operation whenever a user instructed the host computer to 

30 execute a new host application and, prior to executing that 
specific application, then initiate an appropriate 
transition in the ISDN access path if the name or other 
identifying indicia of that application appeared in the 
table. This table would be populated by a system 

35 administrator of the host computer based upon communication 
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rtquiruints supplied by the application programmers. 
Whenever auch a programmer davalopad a naw boat application, 
tha ayataa administrator would ba appropriataly informed who 
would than add a corresponding antry for it to tha table, 
5 including tha application nana and corresponding type of 
ISDN accaaa path that it requires. Some application 
programs exhibit "echoplex" characteristics through only 
portions of their full execution cycle. Specifically, these 
portions occur whan an application program has turned off 

10 the local echo and lina buffering functions discusaad 

previously. An increased degree of precision in watching 
the ISDN communication resource to the needs of auch an 
application program could be obtained by triggering a 
transition to change the ISDN accaaa path on not only tha 

15 name or type of the application program being executed, auch 
aa through a table look up operation, but alao on any change 
of the local echo and lina buffering functiona providad by 
chat application program. Although the firat method 
aliminatea tha need for table look operations, it does 

20 require modification to application aource code. Inasmuch 
as these look-up operations consume a negligible amount of 
■■ host processing time, tha second method ia preferred in most 

instancea inaamuch aa it aliminatea the need to maka source 
, coda modificationa to existing application programs. 

25 Alternatively, tha host computer could analyse the actual 
communication occurring betwaen itaelf and a user and 
decide, baaed upon various pre-defined rulee that specify 
spacific thresholds for e.g. duration and/or amount of 
communication flowing in each direction between tha uaar and 

30 tha boat computer, which type of accaaa path ahould ba 

established for any given situation and then, based upon 
whether theaa thresholds were exceeded or not, dynamically 
change the type of ISDN access path accordingly. 
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Having now diacu.s.d the procedure, undertaken by 
the Uaar PC, the Broker PC and the boat coaputer, tba 
diacua.ion will now ahift to describing tba illustrative 
coaaunication aaquancaa that occur aaong tba major 
5 coaponanta of ayataa 5 undar varioua exemplary aystea 
conditional aatabliabing a boat .•..ion, aoving a boat 
saa.ion fro. a B chann.l circuit awitch.d conn.ction to a d 
channel packat awitcbad connection, iioving a boat aaa.ion 
froa a 0 cbannal packet awitcbad conn.ction to a B cbann.l 
10 circuit awitcbad conn.ction and terminating a boat aaa.ion 
tbrougb a aaaaion initiated diaconnact. Tbaaa illuatrativa 
sequence, ar. abown in FIG.. 4-7. Tba particular portion, 
of tba ..quancaa .hown in tbaaa figuraa which involva tba 
switch ara a.rely illu.tr.tiva; in fact, tba timing at which 
15 tha .witch r.c.iv.. and tranaaita a...aga batw.an it and tba 
Uaar and Broker PCa can be diffarant froa that ahovn 
provid.d that tha Uaar and Broker PC. thaaaalvaa racaiva 
aaasag.a in tha saquanca .hown in tbaaa figuraa. 



20 



30 



In particular, FIG. 4 d.picta tba coaaunication 
saquanca that occur, aaong Uaar Sit. 20 (that contain, tha 
U.ar PC executing a tarainal aaulation prograa) , ISDN .witch 
35, Broker PC 50 (containing it. tarainal adapt. r and Ian 
intarfaca) and host .y.taa 70 1# for eetabliahing a boat 
25 session batw.an tha host ayataa and tha Uaar PC. 

Specifically, to eetabliah auch a .eesion, a uaar firat 
invokee tha tarainal aaulation prograa within tha Uaar PC aa 
syabolisad by line 410. Thereafter, once thia prograa ia 
axacuting, the prograa transaita an X.25 Call Ragueat 
packat, a. indicated by line 420, to the ISDN awitch to 
aatabliah a 0 channel packet .witched connection 
therebetween, if thi. D cbannal connection ia .uccaaafully 
•etabli.h.d, then the ISDN awitch tranaait., aa indicated by 
line 430, an X.25 Incoaing Call packet to the Broker PC to 
specify that the latter baa an incoaing packet call. If the 
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Broker PC is able to establish ft D channel connection to the 
•witch and therethrough accept the incoming packet call, the 
Broker PC transmits , as indicated by line 440, an X.25 Call 
Accept packet back to tha ISDN switch. Tha switch, in turn, 
5 transmits, as indicated by lins 450, an X.25 Call Connsctad 
packs t back to ths User PC. At this point an X.25 packet 
connection is established between ths Broker PC, through the 
ISDN switch, and ths User PC. The Broker PC next 
establishes a LAN connection to the host computer. To do 

10 this, the Broker PC first transmits, as shown by line 460, a 
TCP/IP Sync message as an rthernet IAN packet over ths LAN 
to the host computer. Zf the host computer is able to 
'establish a LAN connection, the host computer then 
transmits, as indicated by line 470, a TCP/IP Sync 

15 Acknowledge message as an Ethernet IAN packet back over the 
LAN connection to the Broker PC. If, for any reason, the 
Broker PC can not establish a LAN connection with the host 
computer, then the Broker PC transmits an X.25 Clear message 
(not shown) to the ISDN switch to tsar down the 0 channel 

20 connection that was just made. However, if the LAN 

connection is successfully mads to ths host computer and the 
Broker PC received the TCP/IP Sync Acknowledge message 
thereover, then the Broker PC merely transmits, as indicated 
by line 480, a TCP/IP Sync Acknowledge message as another 

25 Ethernet LAN packet back to the host computer. At this 

point, not only is the User PC and the Broker PC in an X.25 
Data Transfer state, as shown, i.e. able to transfer packet 
data over an X.25 connection established therebetween, but 
also the host is connected to the Broker PC and can 

30 communicate therethrough with the User PC. As such, with 

the LAN connection now established, the host computer sends 
appropriate "login" sequences, as indicated by line 490, 
over the LAN connection to the Broker PC for eventual 
reception at and display by the User PC* System -.5 now 

35 resides in the D Channel Steady State condition. The host 



session is established one* the user successfully completes 
the appropriate "UNIX" "login" procedura . 

FIG. 5 depicte a communication sequence that 
occurs among User Site 20 (that contains the User PC 
executing a terminal adulation program) , ISDN switch 35, 
Broker PC 50 (containing its tarminal adaptsr and IAH 
interfaca) and host system 70 x for moving a host session 
from a B channel circuit switched connection to a D channel 
packat svitchad connaction. Specifically, as discussed 
above, as long as a host session is astabliahed, an X.25 
Data Transfer State, i.e. an active D channel packet 
switched connection, as indicated by line *03, exists 
between the User PC and tha Broker PC even though no 
communication is being carried thereover while tha B channel 
connection is in use. Furthermore, during the existence of 
a B channel connection between the User PC and the Broker 
PC, the B channel communication path established 
therebetween exists in a Q.931 Active state, as indicated by 
line 505, with communication carried thereover using the 
V.120 protocol. At the same time, a IAN connection, 
symbolized by line 507, for the carriage of Ethernet IAN 
packats exists between the Brokar PC and the host computar. 
Now, to changa tha ISDN access path from B channel to D 
channel, tha host computer issues a "Transition to D 
Channel" message and transmits, as indicated by line 510, 
this messaga within an Kthamat LAN packat to tha Brokar PC. 
Upon receipt of this packet, tha Brokar PC transmits, as 
indicated by line 520, a Q.931 Disconnect message to the 
ISDN switch. Tha switch, .in turn, transmits a Q.931 
Disconnact messaga, as indicated by lina 530, to the User 
-PC. In response to this disconnect message, tha User PC 
ceases to transmit furthar data over the B channel, releases 
the B channel connection and to signify this transmits, as 
indicated by line 540, a Q.931 Release message to the ISDN 
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switch. The switch , in turn, transmits, as indicated by 
line 550, a Q.931 Release massage to the Broker PC 
signifying that it is ceasing to transait data ovar tha B 
channel .and is releasing this channel. Tha Broker PC, upon 
5 its receipt of this release measage, transmits, as indicated 
by line 560, a Q.931 Ralease Complete message to the switch 
to specify to tha switch that the broker has now totally 
released (torn down) tha B channel connection. Thereafter, 
as indicated by line 565, tha Broker PC transmits an 

10 "Acknowledgment" (XCK) message as an Ethernet IAN packet to 
the host computer as an acknowledgement that tha B channel 
is no longer in use. Tha switch, in turn, transmits, as 
indicated by line 570, a Q.931 Release- Complete message to 
tha User PC to spacify to the User PC that tha switch has 

15 now totally released tha B channel connection. At this 

point, tha B channel connection between the User PC and tha 
Broker PC is completely torn down and all that remains 
therebetween is the D channel connection with system 5 now 
residing in the D Channel Steady State state, as indicated 

20 by line 580. 

FIG. 6 depicts a communication sequence that 
occurs among User Site 20 (that contains tha User PC 
executing a terminal emulation program), ISDN switch 35, 

25 Broker PC 50 (containing its terminal adapter and IAN 

interface) and host systam 70 x for moving a boat sassion 
from a D channel packat switched connection to a B channel 
circuit switched connection. As long as a D channel 
connection ia baing used to carry a hoat sassion batwaen tha 

30 User PC and tha Broker PC, tha D channel communication path 
established therabatwaan axiats in a X. 25 Data Transfer 
state, as indicated by lina 603, with communication carried 
thereover as X.25 packets* At tha aama time, a LAN 
connection, symbolixad by lina 605, for tha carriage of 

35 Ethernet LAN packets axists between the Broker PC and the 
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host coaputar. Now, Aiiuat that tha host coaputar has 
finiahad a currant taa)c for tha uaar and ia now proapting 
tha uaar for tha naxt taa)c. In thia caaa, tha "UNIX" 
oparating systaa axacuting in tha host coaputar will 
ganarata, aa ayabolizad by lina 607, a uaar proapt syabol, 
typically a •$" charactar, and than transait, aa indicatad 
by lina 610, that proapt symbol within an Etharaat IAN 
packat to tha Brokar PC. Tha Brokar PC will, in turn, placa 
that proapt symbol within an X.25 packat and transmit, as 
indicatad by lina 615, that packat to tha ISDN switch. Tha 
switch, upon racaipt of that X.25 packat from tha Brokar PC, 
will forward, as indicatad by lina 620, that packat ovar tha 
D channal connaction to tha Uaar PC. Tha Uaar PC will, as 
syabolixad by lina 625, dia-assambla tha packat and display 
tha usar prompt symbol on tha uaar scraan situatad tharaat. 
Tha uaar saaing tha prompt symbol may illustrativaly dacida 
to invoka tha scraan aditor function at this point in tha 
host sasaion. As notad abova, tha scraan aditor is aaraly 
ona of potantially many host functions that causa achoplax 
to occur and hanca is shown in riG. 6 maraly for 
illustrativa purpoaas. Thus, to invoka tha "UNIX" acraan 
aditor, tha uaar typaa an an try containing tha command »vi" 
followad by a carriaga raturo, as symbol ix ad by lina 630, 
into tha usar kayboard. In raaponaa to this command, tha 
Uaar. PC transmits, as indicatad by lina 635, an X.25 data 
packat, that contains tha usar *ntry, to' tha switch. In 
raaponaa to tha racaipt of this packat, tha switch 
transmits, as indicatad by lina 640, a similar X.25 packat 
containing this usar sntry to tha Brokar PC. Tha Brokar PC 
now transfars tha usar antry into an Ethamat IAN packat and 
transmits this IAN packat, as indicatad by lina 645, ovar 
tha IAN connaction to tha host coaputar for procaaaing. Tha 
hoat coaputar racogniring, through prafarably a tab la look 
up oparation, aa discussad abova, that this command will 
invoka a host application that ganarataa achoplax, genaratas 



WO 90/12466 PCT/US89/05848 

-49- 

a "Tranaition to B Channal" control aaasaga, a « 8yB b 0 ii x . d 
by lini 648, to instruct tha flrok.r PC and tharathrough tha 
•witch and Usar PC to Chang, tha ISDN accass path froa a D 
channal packat connaction to a B channal circuit awitchad 
5 connaction. Tha host than transaita, aa indicatad by lina 
650, this control aaasaga within an Etharoat IAN packat to 
tha Brokar PC. Tha Brokar PC than laaoas, as indicatad by 
lina 655, a Q.931 Satup aaaaaga ovar tha D channal to tha 
ISDN switch to astablish a B channal circuit switchad 
10 .connaction to tha switch. Upon racaipt of thia aatiip 

aaasaga, tha ISDN awitch, in turn, iaauaa, as indicatad by 
lina 660, a Q.931 Satup aassaga ovar tha D channal to tha 
Usar PC to a.tablish a B channal circuit awitchad connaction 
tharahatwaan. If tha Dsar PC is abla to aatabliah a B 
15 channal circuit awitchad connaction to tha awitch, than tha 
Uaar PC transaita, as indicatad by lina 665, a Q.931 Connact 
aaasaga to tha switch, and tha switch issuas, as indicatad 
by lina 670, a Q.931 Connact aaasaga to tha Brokar PC. Tha 
Brokar PC than acknowladgas tha ast&blishaant of a B channel 
circuit switchad connaction to tha switch by transmitting, 
aa indicatad by Una 675, a Q.931 Connact Acknowladga 
aaaaaga to tha switch. Tha switch than acknowladgas tha B 
channal connaction sstabllshad batwaan it an tha Usar PC by 
transaitting, as indicatad by lina 680, a Q.931 Connact 
Acknowladga aaasaga to tha Usar PC. Now, with a functioning 
B channal circuit switchad connaction astablishad batwaan 
tha Usar PC and tha Brokar PC, tha Uaar PC and Brokar PC 
both initiata axacution of tha V.120 protocol and attaapt 
initialization tharaof in ordar to subsaguantly and 
30 accurataly carry coaaunication ovar this connaction. Onca 
thia protocol is succassfully initialixad, tha Brokar PC 
tranaaits, as indicatad by lina 685, an Ackribwladgaaant 
(ACK) aaasaga as an Etharnat IAN packat to tha host 
coaputar, to signify that tha B channal is succassfully 
35 oparating and can carry coaaunication tharaovar. At this 
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point, system 5 now resides in the B Channel Steady Stat* 
state, as indicated by line 690. 

FIG. 7 depicts a communication sequence that 
5 occurs aaong User Site 20 (that contains the User PC 

executing a terminal emulation program), ISDN svitch 35, 
Broker PC 50 (containing its terminal adaptar and IAN 
interface) and host system 70^-for invoking a sassion 
initiatad disconnact in ordar to terminate a host sassion. 
10 A sassion initiatad disconnact can arisa vhila tha host 
sassion is baing carriad ovar aithar a B or D channel 
connection. As such, an illustrativa communication sequence 
that occurs to' causa a disconnact for each* of thasa two 
dif f arant connections will ba separately* discussad. 

15 

In particular, if tha host sassion is praaantly 
baing carriad ovar a D channal packet switch ad connaction, 
than systaa 5 exists in tha D Channal Staady Stata stata as 
indicatad by lina 703 in PIG. 7*. As sum a tha usar antars, as 

20 symbolized by lina 705, a specific an try, e.g. " A D* followad 
by a carriaga r a turn, through tha usar keyboard at tha Usar 
PC to instruct tha host to tarainata tha host sassion. In 
rasponsa to this entry, tha Usar PC transmits, as indicatad 
by lina 710, an X.25 packat that contains this antry over 

25 tha D channal packat connaction to tha svitch. Tha svitch, 
in turn, as indicatad by lina 715, transmits a similar x.25 
packat containing this antry ovar a D channal packat 
connaction to tha Broker PC. Tha Brokar PC, in rasponsa to 
tha racaipt of this packat forms an Ethernet IAN packet 

30 containing this antry and transmits this LAN packat, as 

indicatad by lina 718, ovar tha IAN connaction to tha host 
computer. In rasponsa to this packat, tha host computer 
terminates the host session, formulates a TCP/IP disconnect 
message to disconnect the IAN connection and transmits this 

35 disconnect message, as indicated by line 720, as an Ethernet 



WO 90/12466 PCT/US89/0S848 

-51- 

IAN packet to th« Broker PC. In response to this disconnect 
message, the Broker PC and subsequently the switch tear down 
the D channel connection. Specifically, after the Broker PC 
receives the TCP/IP disconnect message from the host 
5 computer/ the Broker PC transmits, as indicated by line 725, 
an X.25 Clear Request packet to the switch to disconnect the 
current D channel connection existing therebetween. Once 
the switch disconnects the 0 channel connection to the 
Broker PC, the switch then transmits, as indicated by line 

10 730, an X.25 Clear Indication packet to the User PC to 

indicate that a D channel connection no longer exists from 
the User PC to the Broker PC and therethrough, via a IAN 
connection, to' the host computer. In response to this 
packet, the User PC disconnects its D channel connection to 

15 the switch and subsequently returns to its Terminal Idle 
state, i.e. state 210 shown in FIGs. 2A and 2B. 



Now, alternatively, if the host session is 
presently being carried over a B channel circuit switched 

20 connection, then system 5 exists in the B Channel Steady 
State state as indicated by line 733 in PIC. 7. Again 
assume the user enters, as symbol i red by line 735, the 
appropriate entry, e.g. "*D» followed by a carriage return, 
through the user keyboard at the User PC to instruct the 

25 host to terminate the host session. In response to this 
entry, the User PC transmits, as indicated by line 740, a 
message that contains this entry as V.120 data over the B 
channel circuit switched connection to the switch. The 
switch, in turn, as indicated by line 745, transmits a 

30 similar message containing this entry over a B channel 

connection to the Broker PC. The Broker PC, in response to 
the receipt of this V.120 data forms an -Ethernet IAN packet 
containing this entry and transmits this LAN packet, as 
indicated by line 750, over the IAN connection to the host 

35 computer. In response to this packet, the host computer 
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terminates the host ••••ion, formulates a TCP/IP disconnect 
message to disconnect the IAN connection and transmits this 
disconnect message, as indicated by line 755 , as an Ethernet 
LAN packet to the Broker PC. The Broker PC formulates a 
5 Q.931 Disconnect message and transmits this message, as 
indicated by line 760 , to the switch to initiate 
disconnection of the current B channel connection existing 
therebetween and through the switch to the User PC. The 
switch, in response to the disconnect message, formulates a 
10 similar Q.931 Disconnect message and transmits this message, 
as indicated by line 765, to the User PC in order to 
instruct the latter to initiate disconnection of the currant 
B channel connection existing therebetween*. In response to 
this disconnect message, the User PC ceases to transmit 
15 further data over the B channel, releases the B channel 

connection and to signify this transmits, as indicated by 
line 770, a Q.931 Release message to the ISDN switch. The 
switch transmits, as indicated by line 775, a Q.931 Release 
message to the Broker PC signifying that the switch is 
20 ceasing to transmit data over the B channel and is releasing 
this channel. Thereafter, the Broker PC transmits, as 
indicated by line 780, a Q.931 Release Complete message to 
the switch to specify to the switch that the Broker PC has 
now totally released (torn down) the B channel connection. 
25 The switch transmits, as indicated by line 785, a Q.931 

Release Complete message to the User PC to specify to the 
User PC that the switch has now totally released the B 
channel connection. At this point, the B channel connection 
between the User PC end the Broker PC is completely torn 
30 down and all that remains to be done is to tear down the D 
channel connection existing between the Broker end User PCs. 
To' accomplish this, shortly after the Broker PC has 
transmitted a Q.931 Release Complete meesage to the switch, 
the Broker PC transmits, as indicated by line 790, an X.25 
35 Clear Request packet to the switch to disconnect the current 
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D channel connection exist ing therebetween. Once the switch 
disconnects the D channel connection to the Broker PC, the 
switch then transmits, as indicated by line 795 , an X.25 
Clear Indication packet to the User PC to indicate that a D 
5 channel connection no longer exists through the User PC to 
the Broker PC and therethrough, via a LAN connection, to the 
host computer. In response to this packet, the User PC 
disconnects its D channel connection to the switch and 
subsequently returns to its Terminal Idle state, i.e. state 
10 210 shown in FICs. 2A and 2B. 



With the above discussion now in mind, the 
architecture of our inventive system, e.g system 5 shown in 
FIG. 1, can be readily extended and generalised to a 

15 multi-broker approach. This approach utilizes a .group of 

brokers, in which each broker can establish access into the 
ISDN and therethrough establish an ISDN connection to any 
other broker in the group. As such, a user situated at one 
broker, i.e. the "originating" broker, can establish an ISDN 

20 call, via the ISDN, such as through a basic ISDN 2"B"+"D" 
access path, to another broker, i.e. the "destination" 
broker, to establish a host session with a remote host 
computer situated at the latter broker. In this approach 
either' of these two communicating brokers can dynamically 

25 change an ISDN access path that connects these brokers 

between a circuit switched connection and a packet switched 
connection according to the communication demands that occur 
during the host session. A block diagram of an embodiment, 
i.e. multi-broker system 800, that implements this approach 

30 is shown in FIG. 8. 

In its simplest embodiment, system 800 as shown in 
FIG. 8 contains two brokers 820 and 840 that are both 
connected to ISDN 830 via ISDN access lines 825 and 835, 
35 respectively. Broker 820, also referred to as Broker A or 
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the originating broker, executes user process 810, also 
referred to as user process A, which may ba a terminal 
emulation program. For example, a user kituatad at a 
display :ecreen and a keyboard aaaociatad with this broker 
merely invokes the emulation program to astabllah and 
thereafter conduct a host session with a ranota host 
computer. Onca tha tarminal amulation program la executing 
within originating brokar 820 and tha usar antars a command 
tharaat to initiata a boat session, originating brokar 820 
than astabliahaa an ISDN accasa path through ISDN 830 to 
anothar brokar, i.e. daatinatlon brokar 840, alao referred 
to as Brokar B. In rasponaa to tha aatabllahmant of an ISDN 
D channal packitt awitchad connaction between thaaa two 
brokers, tha daatinatlon brokar astabliahaa a connaction to 
a computar situatad tharaat to lnvoka usar procaaa 850, alao 
rafarrad to as uaar procasa B. Daar procaaa 850 may 
illustratively ba a "UNIX - hoat oparating ay a tarn, auch as 
that daacribad above. As auch, ayatam 5 ahown in PIC. 1 is 
a specific implementation of ayatam 800 shown In FIG. 8. 
Depending upon tha apacific computer situatad at tha 
originating and daatinatlon brokera, each brokar may Include 
a IAK connaction, such as that described above, to the 
corresponding computer or a direct connection such as 
through a high speed parallel or serial port into the 
computer situatad thereat and aasociated therewith. 
Clearly, with this approach several brokers (not shown) 
could be connected through separate or bridged ISDN 
connections to establiah a network thereamong through which 
any one broker can bi-directionally communicate with several 
different remotely situated host computers to establish and 
conduct concurrent host sessions therewith In order to 
invoke and slmultaneoualy process various different 
corresponding host applications. Nonetheless, each host 
session involvea a single originating broker, i.e. that 
which originated the session, and a single destination 
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broker, i.e. that broker which is associated with a givsn 
remote' host computer. For purposes of simplifying the 
drawing and the ensuing discussion, only one host session 
will be ; assumed to occur between a single pair of brokers: 
5 originating broker 820 and destination broker 840, as shown, 
wherein either one of these brokers has the capability to 
dynamically change the ISDN access path used to carry that 
session between a B channel circuit switched connection and 
a D channel packet switched connection in the event that 
10 broker determines that a change has occurred in the 

communication requirements of that session or that broker 
has been specifically instructed to change the channel, 
through user process 810 for broker 820 or ustr process 850 
for broker 840* 

15 

A state diagram of the software that is 
implemented within any broker, e.g. broker 820, that forms 
multi-broker system 800 shown in FIG. 8 and used in 
conjunction with dynamically managing a single ISDN access 

20 path appearing therein is collectively depicted in FIGs. 9A 
and 9B; the proper alignment of the drawing sheets for these 
figures is shown in FIG. 9. Inasmuch as broker 840, shown 
in FIG* 8, is situated at an opposite end of the ISDN access 
path as is broker 820, broker 840 will be referred to as the 

25 "peer 11 broker throughout the following discussion. The 

procedure executed by broker 820 requires the establishment 
of a "master/slave 11 relationship between this broker and its 
peer broker in order to assure that only one circuit 
switched connection is established between these two brokers 

30 should both brokers attempt to transition simultaneously 
from a D channel to a B channel connection. When the 
initial X.25 connection is established between the two 
brokers, that broker which is the recipient of the 
connection is defined to be the master broker while the 

35 other broker which initiates the connection is defined to be 
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th* Slav* broker. This definition one. established rtaains 
constant throughout the remainder of the ISDN connection 
established between the two brokers. The definition is only 
used, as set forth below, when the user processes occurring 
at both brokers are attempting to simultaneously establish B 
channel connections between both brokers and provides a 
mechanism to select which one of the two brokers is 
permitted to establish a B channel connection with the other 
broker. In particular, the B channel connection that the 
master broker is attempting to establish takes precedence 
over the B channel connection that the slave broker is 
simultaneously attempting to establish. As such, both 
brokers will continue Q.931 establishment procedures for B 
channel connection initiated by the master broker while 
aborting the D channel connection initiated by the slave 
broker. 

As shown in FICs. 9A and 9B, if broker 820 is not 
actively carrying a host session, then that broker remains 
in Idle state 910 until a D channel connection is to be 
established with the peer broker. To establish such a 
connection, a user invokes a terminal emulation program 
within broker 820 which subsequently, in turn, transmits an 
X.25 Call Request packet through the ISDN and specifies the 
peer broker as its destination. In the event that the ISDN 
is unable to connect the call, then the ISDN returns an X.25 
Clear packet to broker 820* to terminate the call attempt. 
In this case, broker 820 remains, as indicated by line 913, 
in state 910. Alternatively, if broker 820 receives an X.25 
Call Connect packet from the ISDN, thereby signifying that 
the call attempt was successful, and broker 820 through a 
user process executing thereat was the broker that initiated 
the call attempt, then broker 820 is defined as being the 
slave broker. If, on the other hand, the successful call 
attempt initiated with a user process executing at the peer 
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broker, i.e broker 840, then broker 820 is defined as being 
the master broksr. As noted above, each broker maintains 
this definition throughout the remainder of its ISDN 
connection with the other broker. Once broker 820 hat 
5 defined its status as master or slave, the state of this 
broker transitions along line 917 into D Channel Steady 
State state 920. 



While in the D Channel Steady State state, broker 

10 820 and its peer broker accept and pass X.25 packets 

therebetween between user process 810 through the ISDN and 
user process 850 for processing. Broker 820 will leave 
state 920 under various conditions: an X.M Clear message is 
received from the ISDN to disconnect the D channel 

15 connection; the user process, i.e. user process 810 shown in 
FIG. 8, executing at that broker requests a transition fron 
a D to B channel connection and/or the user process 
executing at the peer broker, i.e. user process 850, 
requests a transition froa a D to B channel connection. 

20 Specifically, if broker 820 receives an X.25 Clear packet 
from the ISDN to disconnect the D channel connection, then 
that broker, if it is a master, first disconnects any host 
connection it established to its associated computer 
followed by transitioning its state, as indicated by line 

25 928 r back into Idle state 910. Alternatively, if broker 820 
receives a Q.931 Setup message from the ISDN and the 
originator of this message is not the peer broker, then this 
message is erroneous. In this case, broker 820 will send a 
corresponding Q.931 Disconnect message to the ISDN to 

30 terminate this attempted B channel connection and will 

thereafter remain, as indicated by line 922, in D Channel 
Steady State state 920. Now, in the event that broker 820 
receives a Q.931 Setup message to establish a B channel 
connection to its peer broker, the state of this* broker will 

35 transition into one of two transitory states, specifically 
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.initiating Tranaition to B Channal .tat. 930 or Acc.pting 
Tradition to B Channal . tat . 940 , d . p . ndln9 J 9 

brojcar 820 initiatad that Q. 931 »... ag . or r . c . iy . d lt 
at. paar brokar, broJcar 840. 

5 

in th. .vant that brokar 820 initiatad th. r.gua.t 
to tradition to a B channal conn.ction, a„ch a. through a 
u-.r raguaat .ntarad at thi. brokar, th. .tat. of brolcr 820 

10 T * * l0ng ^ " 4 ^^iating Tranaition 

10 to B Channal .tat. 930. stat. 930 i. . tranaitory .tat. and 
i. ...antially idantioal to B Channal E.tabli.h»Int .t^. 
230 di.cu...d abov. i„ conjunction with FIG.. 2X and 2B 
vith th. addition of two additional tran.Aion rout... 
Brok.r « 20 will ^i. t within .tat. 930 for a v.ry .hort 
» P .riod of ti... whil. in thi. .tat., broker .20 willt,t 

transit any data .....g.. to th. ISOM. How.var, brokar 820 
will accapt any Jcyboard input fro. th. ua.r and locally 
buffar thi. data for .ub MquMt tran.ai..ion. If any X.25 
20 i T !T r * C * iV#d fr °" ISDN ' "»» "0 will 

•ppropriataly proc... any PAD co«and. contains within 
th«.« packat. according to th. x.3 and X.29 PAD 
*.co»».ndation.. Al.o, in th. .v.nt any B chann.1 data i. 
r.c.iv.d, broJcr 820 will appropri.t.ly buffar thi. data for 
•ub..qu.nt di.pl.y. how, ba..d upon broJt#r MQ 

.ucc...fully ..tablUh . B chann.1 conn.ction (a. a -first- 
such compaction) to th. ISOH, or wh.th.r a ..cond r.q»..t 
for a B channal connaction wa. r.caiv.d prior to th. 
.uco...ful ..tabli.h~nt of th. f ir .t B chann.1 conn.ction 
«d brok.r 820 i. a «a.t.r or .lav. brok.r, than brokar 820 
tranaition. into on. of four .tat..: D Chann.1 Staady Stat, 
•tat. 920, T.rminal Idl. .taf 910, Accapting Tranaition to 
B Channal .tat. 940 or B Channal st.ady stat. .tat. 950. 



25 
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If broker 820 resides in state 930 end is 
attempting to establish e B channel connection with the ISDN 
but the ISDJf is unable to provide this connection to broker 
820 , then this broker then receives a Q.931 Disconnect 
5 message from the ISDN. In response to this message, the 
state of broker 820 transitions along .line 939 back into D 
Channel Steady State state 920 in order for this broker to 
carry subsequent communication- as X.25 packet traffic to its 
peer broker over the existing D channel connection to the 

10 ISDN. Alternatively, if a B channel connection has been 
established between the ISDN and broker 820 but the V.120 
protocol has then failed to properly initialize, then broker 
820 issues a Q.931 Disconnect message to the ISDN to tear 
down this connection. Once this disconnect message is 

15 generated, the state of broker 820 also transitions along 
line 939 back to state 920. 

Now, if broker 820 is in the process of 
establishing a B channel connection over the ISDN to its 

20 peer broker as part of state 930 and then receives a Q.931 
Setup message from the peer broker, this message indicates 
that both brokers are now attempting to simultaneously 
initiate B channel call connections. To assure that only 
one B channel connection is established as the result of 

25 these two call attempts, only one of these attempts will be 
successful depending upon whether broker 820 has a master or 
slave status, as discussed above. In particular, the 
master/slave status of broker 820 determines which one of 
two states, state 940 or 950, this broker assumes. The 

30 master broker will be permitted to establish its B channel 
connection through the ISDN; while the connection which the 
slave broker is attempting to establish will be aborted. 



35 



Specifically, if broker 820 has the status as the 
master broker and is attempting to' establish a B channel 



connection within state 930 and simultaneously receives a 
Q.931 Setup message from its peer broker, then, in response 
to this setup message, bro)cer 820 will transmit a Q.931 
Disconnect message to the ISDN instructing the network to 
disconnect the B channel connection which its peer, i.e. the 
slave broker, is attempting to establish. This disconnect 
message when executed by the ISDN effectively terminates the 
B channel call setup attempt then being undertaken by the 
peer broker and permits the ISDN to successfully establish 
the B channel connection which broker 820, as master broker, 
has initiated. In particular, once this disconnect message 
is transmitted, broker 820 remains, as indicated by line 
931, in Initiating Transition to B Channel 1 ' state 930. 
Thereafter, broker 820, as a master broker, proceeds to 
finish establishing its B channel connection through the 
ISDN to the peer broker. In so doing once broker 820 
receives a Q.931 Connect message from the ISDN and obtains 
an indication that the V.120 protocol has properly 
initialized over this connection and has received a sealing 
message in an X.25 packet over the D channel connection, 
broker 820 will release any previously buffered data 
received over the B channel connection to the user screen 
associated therewith. One* this occurs, the state of broker 
820 transitions along line 935 into B Channel Steady State 
state 950. 

Alternatively, if broker 820 has the status as the 
slave broker and is attempting to establish a B channel 
connection within state 930 and simultaneously receives a 
Q.931 Setup message from its peer broker, then, in response 
to this setup message, broker 820 will transmit a Q.931 
lUsconnect message to the ISDN instructing the network to 
disconnect the B channel connection which broker 820, i.e. 
the slave broker, is attempting to establish in favor of 
permitting the ISDN to successfully establish a B channel 
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connection which the peer broker, as Mittr broker, has 
initiated. As such, broksr 820 sends a Q.931 Disconnect 
message to ths ISDN to terminate ths B channel connection 
attempt ;it has initiated. Once this has occurred, the state 
5 of broker 820 transitions along line 937 into Accepting 
Transition to B Channel state 940. State 940 is also a 
transitory state and is essentially identical to B Channel 
Establishment state 230, discussed above in conjunction with 
71Gb. 2A and 2B. Within state 940, broker 620 will proceed 

10 to finish establishing a B channel connection with its peer, 
broker, here the master broker. In so doing once broker 820 
receives a Q.931 Connect message from the ISDN and obtains 
an indication that the V.120 protocol has properly 
initialized over this connection and has received a sealing 

15 message in an X.25 packet over the D channel connection, 
broker 820 will release any previously buffered data 
received over the B channel connection to the user screen 
associated thereat. Once this occurs, the state of broker 
820 transitions along line 942 into B Channel Steady State 

20 state 950. Alternatively, if broker 820 is unable to 
successfully establish a B channel connection with and 
initiated by its peer broker, then broker 820, depending 
upon the message it receives from the ISDN, transitions back 
into D Channel Steady State state 920 or Idle state 910. 

25 Specifically, if broker 820 receives a Q.931 Disconnect 

message, the state of broker 820 transitions along line 946 
back into D Channel Steady State state 920 in order for 
broker 820 to carry subsequent communication as X.25 packet 
traffic to its peer broker oyer the existing D channel 

30 connection to the ISDN. Alternatively, if a B channel 

connection has been established between the ISDN and broker 
820 but the V.120 protocol has then failed to properly 
initialize, then broker 820 issues a Q.931 Disconnect 
message to the ISDN to tear down this B .channel connection. 

35 Once this disconnect message is generated, the state of 
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broker 820 also transitions along line 94 6 back to state 
920. Alternatively, ir broker 820, while in state 940, 
receives an X.25 Clear packet from the ISDH, thereby 
indicating that the D channel packet connection should be 
5 torn down, broker 820 subsequently transmits a Q.931 

Disconnect message to the ISDH to tear down the D channel 
connection. Once this occurs, the state of broker 820 
transitions, along line 944, back to Idle state 910. 

10 Mow, if broker 820, while in state 930, reoeives 

an X.25 Clear packet from the ISDH, thereby indicating that 
the D channel packet connection should be torn down, broker 
820, if it is a master, disconnects any connection it has 
established to its host computer for the peer broker and 

15 subsequently transmits a Q.931 Disconnect message to the 
ISDN to tear down the B channel connection. Once this 
occurs, the state of broker 820 transitions, along line 933, 
back to Idle state 910. 

20 While in B Channel Steady State state 950, broksr 

820 accepts and passes data in V.120 form over the B channel 
circuit switched connection through the ISDH between itself 
and its peer broker for processing by the respective user 
processes executing thereat* In this state and aside from 

25 any protocol conversion that may occur, broker 820 merely 
passes data without altering its content. Broker 820 
remains in state 950 until the ISDH disconnects the D 
channel connection, or the peer broker or the user process 
executing at broker 820 requests a transition in the current 

30 ISDH access- path from a B to a D channel connection. In 
particular, if broker 820, while residing in B Channel 
Steady State state 950, reoeives a Q.931 Disconnect message 
from the ISDH over the D Channel connection, this indicates 
that the peer broker is requesting a transition from a B to 

35 a D channel connection. Am such, the state of broker 820 
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transitions along lina 957 back to 0 Channal staady Stata 
stata 920 in ordar for brokar 820 to carry subsaquant 
comaunication aa X.25 packat traffic to ita paar brokar ovar 
tha axiating D channal oonnaction to tha ISDN. 
5 Altarnativaly, if a uaar procaaa axacuting within brokar 820 
raquaats a B to 0 channal transition, than brokar 020 
transmits a Q.931 Diaconnact sassaga to tha ISDN to taar 
down tha currant B channal connaction. Onca brokar 820 
racaivas a auitabla Q.931 Balaasa Coaplata aassaga from tha 

10 XSDH apacifying that tha B channal connaction no longar 

axists, than tha stata of brokar 820 also transitions along 
lina 957 back to D Channal Staady Stata stata 920. Lastly, 
if brokar 820,'whila in stata 950, racaivas an X.25 Claar 
packat froa tha ISDN, tharaby indicating that tha D channal 

15 packat connaction should ba torn down, brokar 820, if it is 
a mastar, diaconnacts any connaction it has astablishad to 
its host coaputar for tha paar brokar and subsaquantly 
transmits a Q.931 Diaconnact massaga to tha ISDN to tsar 
down tha B channal connaction. Onca this occurs, tha stata 

20 of brokar 820 transitions, along lina 953, back to Idla 
stata 910. 



Claarly, thosa skillad in tha art racogniza that 
although invantiva ayataa 5, shown in TIG. 1, has baan shown 

25 and dascribad as intar-connacting a Brokar PC to a nuabar of 
saparata host computars by a IAN, aach of thaaa host 
coaputars doas not naad to ba situatad in tha vicinity of 
tha Brokar PC. In fact, tha LAN can axtand quita soma 
distanca to raach a host coaputar* For host computars that 

30 ara disparsad ovar a ralativaly vida gaographic araa, tha 
LAN could ba advantagaously raplacad with a matropolitan 
araa natwork (KAN) or with any ona of various othar typas of 
wall known high spaad digital coaputar links that 
intar-connact thaaa host coaputars with tha Brokar PC. 
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In addition, the inventive ay u tan could easily 
function with other forms of ISDN access, such as primary 
rata ISDN acceaa, in which a multitude of B channal paths, 
e.g. 23 B. channal paths, exist for avary ona D channal path. 
Through use of auch forms of ISDN accaas, aach broker would 
ba able to support an incraasad number of Dsar PCs than that 
dascribad above. Tha functions performed by aach Dsar and 
Broker PC would ba substantially identical to thosa 
dascribad abova. 

Furthermore, the host computer could employ a 
suitable algorithm which statistically determines on a 
global basis, based upon illustratively queues of messages 
and packets awaiting transport through the ISDN, arrival 
rates of messages and packets at their destinations and/or 
ongoing distribution of traffic flow throughout the ISDN, 
whether a B or D channel ISDN connection should be used in a 
given situation. As such, this algorithm would utilixe 
rules that advantageously make the selection of whether to 
use a B or D channel ISDN connection essentially independent 
of the current host application being executed by a user. 
If a terminal adapter and a network termination ware to be 
connected directly to the host computer, then this host 
computer could be directly interfaced to a 2»B"+"D" basic 
access path in the ISDN network and, at the appropriate 
times, generate appropriate Q.931 control messages and X.25 
packets to dynamically change a current ISDN connection 
which a remote user is employing during a host session. 
Inasmuch as the ISDN interface functions provided by the 
broker would, through such use of a terminal adapter, be 
incorporated into the host computer, this would 
advantageously and substantially eliminate the need to use a 
separate broker with that hoat computer. In addition, tha 
brokar or merely its functionality could be readily 
incorporated into the ISDN itself, and preferably within an 
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ISDN switch, in order to permit an entity that is 
communicating over an ISDN access path provided by the 
switch and which is connected to an end of that path to 
dynamically manage that path in accordance with the 
5 • communication requirements or a tas)c currently being 

executed at either and of that path during a host session 
involving that entity. 

Moreover, although the user has been described as 
10 being an individual that merely executes a terminal 

emulation program at a User PC in system 5 shown in FIG. 1 
or a broker in system 800 shown in FIG* 6, the user need not 
be so constrained. In fact, the user can fee another 
computer that provides a requisite amount of remote data 
15 processing during the host session, with, the amount being 
dependent upon the processing capability at the user 
location and its availability thereat. Such host sessions 
that bifurcate processing responsibilities between two 
separate computers interconnected through a transmission 
20 media, such as an ISDN connection, can frequently arise in 
distributed processing applications. One such illustrative 
application involves a computer integrated manufacturing 
(CIM) system that integrates and permits data transfer 
between several geographically dispersed computerized 
25 systems; e.g. a computer aided designing (CAD) and/ or a 
computer aided engineering (CAE) system situated at an 
engineering location, a computer aided manufacturing (CAM) 
and/or a computerized inventory system situated at a plant 
location, and/or various computer assisted accounting, 
30 scheduling and/or management systems situated at a 
headquarters location. 



Although various embodiments of the present 
35 invention have been shown and described in detail herein, 
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many other varied embodiments that incorporate the teachings 
of the present invention say be easily constructed by those 
skilled in the art. 
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We claim: 

5 X* Apparatus for dynamically changing *nj^^gj^jjgth 

^wdJxg^a^pJL^alit^of^ a first 

connection having one of said attributes and a second 
connection having a dif f erent one of said attributes during 
an ongoing host sassion carried over said access path in 

10 order to provide the particular one of said first and second 
connections that is most suited to the current communication 
needs of said session , said apparatus comprising: 

means for connection to one end of said access path and 
to a host computer for instructing a communication system 

15 that provides said access path to change a connection 

provided over said access path between said first and second 
connections in response to a command received from the host 
computer during execution of said host session , said 
instructing means comprising: 

20 means for establishing an interface to the host 

computer to begin said host session and for maintaining the 
interface substantially, throughout the remainder of the host 
session; and 

means , responsive to said interface and for 

25 connection to said one end of the access path, for receiving 
a command over said interface from said host computer 
requesting a change in the connection provided over the 
access path between said first and second connections and 
for supplying the command over said access path in a 

30 pre-defined form as an instruction to said communication 
system so as to effectuate said requested change. 

2. The apparatus In claim 1 wherein said instructing means 
further comprises means, responsive to communication 
35 containing a message to establish a host session and 



received over said access path and originating at an 
opposite and thereof, for instructing said interface 
establishing and maintaining means to establish said 
interface to the host computer and initiate said session. 

3. The apparatus in claim 2 wherein said communication 
system is an ISDN network having at least one ISDN switch 
and said access path is an ISDN- access path, wherein said 
first connection is an ISDN circuit switched B channel 
connection and said second connection is an ISD*nTchannel 
packet switched connection. — — 

4. The apparatus in claim 3 wherein the b channel packet 
switched connection is maintained throughout the duration of 
said host session and the B channel circuit switched 
connection is es tablishe d or torn down in accordance with 
the command issued by the host" computer requesting ~T chkng a 
in the* connection provided over the ISDN access path. 

5. The apparatus in claim 4 wherein said B channel carries 
V.120 data messages and said D channel carries both X.25 
data and control packets and Q.931 messages and wherein the 
instruction to said ISDN network is in the form of a 
pre-defined Q.931 message. 

6. The apparatus in claim 5 wherein said instructing means 
further comprises means, remponsive to V.120 data messages, 
Q.931 messages and X.25 data packets received over said 
access path and communication received over said interface 
from the host computer, for converting protocols 
therabatween so as to permit the host computer to 
bi-directionally communicate over said ISDN access path to a 
user situated at the opposite end of said path and to 
instruct said ISDN network to effeotuate the requested 
change. 
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7. The apparatus in claim 4 wherein the host computer 
issues the command in response to a corresponding call 
statement. embedded within and encourtered by the host 

5 computer during execution of a host application program, a 
result of a table look-up operation undertaken by the host 
computer given a name of a current host application program 
that is to be currently executed by the host computer, or 
whenever the host computer detects that the host application 
10 program currently executing has terminated line buffering 
and local echo functions. 

8. The apparatus in claim 4 wherein said"* instructing means 
further comprises an ISDN network termination for providing 

15 a physical ISDN link to said command receiving means from a 
corresponding ISDN access line provided by the ISDN network. 

9. The apparatus in claim 8 wherein the ISDN access path 
is a basic ISDN access path containing two B channels and 

20 one 0 channel, 

10. A method for dynamically changing an access path having 
a plurality of different attributes between a first 
connection having one of said attributes and a second 

25 connection having a different one of said attributes during 
an ongoing host session carried over said access path in 
order to provide the particular one of said first and second 
connections that is most suited to the current communication 
needs of said session comprising the steps of: 

30 instructing a communication system that provides said 

access path to change a connection provided over said access 
path between said first and second connections in response 
to a command received from the host computer during 
execution of said host session, said instructing -step 

35 comprising: 
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establishing en interface to the host coaputer to 
begin said host session; 

maintaining the interface substantially throughout 
the reminder of the host session; 
5 receiving a coaaand over said interface from said 

host coaputer requesting a change in the connection provided 
over the access path between said first and second 
connections ; and 

supplying the coaaand over said access path in a 
10 pre-defined fora as an instruction to said coaaunication 
system so as to effectuate said requested change. 

11. The aethod in claia 10 wherein said instructing step 
further coaprises the step of instructing, in response to 

15 coaaunication containing a aessage to establish a host 

session and received over said access path and originating 
at an opposite end thereof, said interface establishing and 
aaintaining aeans to establish said interface to the host 
coaputer and initiate said session. 

20 

12. The aethod in claia 11 wherein said coaaunication 
system is an ISDN network having at least one ISDN switch 
and said access path is an ISDN access path, wherein said 
first connection is an ISDN circuit switched B channel 

25 connection and said second connection is .an ISDN D channel 
packet switched connection. 

13. The aethod in claim 12 wherein the instructing step 
further coaprises the steps of: 

30 maintaining the D channel packet switched connection 

throughout the duration of said host session; and 

establishing or tearing down the B channel circuit 
switched connection in accordance with the coaaand issued by 
the host coaputer requesting a change in the connection 

35 provided over the ISDN access path. 
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14. The method in claim 13 wherein said B channel carries 
V.120 data messages and said D channel carries both X.25 
data and control packets and Q.931 messages and wherein the 

5 instruction to said ISDN network is in the form of a 
pre-defined Q.931 message. 

15. The method in claim 14 wherein said instructing step 
further comprises the step of converting, in response to 

10 V.120 data messages, Q.931 messages and X.25 data packets 
received over said access path and communication received 
over said interface from the host computer, protocols 
therebetween so as to permit the host computer to 
bi-directionally communicate over said XSDH access path to a 

15 user situated at the opposite end of said path and to 
instruct said ISDN network to effectuate the requested 
change • 

16. The method in claim 13 wherein the host computer issues 
20 the command in response to a corresponding call statement 

embedded within and encountered by the host computer during 
execution of a host application program, a result of a table 
look-up operation undertaken by the host computer given a 
name of a current host application program that is to be 
25 currently executed by the host computer, or whenever the 
host computer detects that the host application program 
currently executing has terminated line buffering and local 
echo functions. 
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COMMUNICATION SEQUENCE FOR 
MOVING A HOST SESSION FROM 0 
CHANNEL PACKET CONNECTION TO 6 

CHANNEL CIRCUIT CONNECTION 
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FIG. 6 
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TERHINATING A HOST SESSION 
('SESSION INITIATED DISCONNECT') 
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